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FOREWORD 

With  the  passage  of  a  revised  Water  Pollution  Act  hy  the  3^- 
Legislative  Assemhly  in  Montana  in  1955?  it  was  recognized  that  recrea- 
tional, industrial  and  agricultural  uses  of  Montana's  waters^  in  addi- 
tion to  previously"  recognized  health  uses  5  should  be  protectedo   This 
made  necessary  the  gathering  of  more  complete  data  than  was  available 
through  previous  State  Board  of  Health  studies  concerning  existing 
pollution  and  the  cataloging  of  environmental  characteristics  of  the 
natural  waters  of  the  stateo   This  information  is  necessary  for  the 
classification  of  natural  waters  on  the  basis  of  their  most  beneficial 
uses  by  the  Water  Pollution  Council,, 

This  report  summarizes  pollution  data  from  the  State  Board  of 
Health  files  and  stream  data  obtained  during  the  summers  of  1958  and 
1959»   Also  included  in  the  report  is  a  proposed  stream  classification 
for  the  Missouri  River  and  tributaries  except  the  Yellowstone  and 
Little  Missouri  River  Drainage  Areas,   These  were  previously  classi- 
fied , by  the  Water  Pollution  Council  on  September  2j  1958  following  a 
public  hearing  in  Billings  on  June  10,,  1958  = 

The  Missouri  River  Drainage  Basin  covered  in  the  proposed  classi- 
fication includes  57/^  of  Montana's  146,131  square  miles  and  consists 
for  the  major  '^art  of  clean  streams 0   It  is  the  intent  of  the  proposed 
stream  classification  to  provide  the  most  beneficial  uses  of  waters  in 
Montana  for  the  people  of  Montanao 

This  report  was  prepared  for  Council  consideration  as  well  as  for 
reference  at  the  public  hearing  on  the  classification  of  the  Missouri 
River  scheduled  in  Great  U'allSj  Montana,  December  6,  I96O0 

The  Fish  and  Game  Department  biologists  assisted  materially  in 
the  summer  team  studies  of  1958  and  1959  and  in  compiling  this  report » 


'Go  1)0  CarlylgrThompson,  MoD^ 
Executive  Officer 
Montana  State  Board  of  Health 


November  29,  I96O 
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INTRODUCTION 

This  is  the  third  of  a  series  of  reports  published  by  the  Montana 
State  Board  of  Health  on  stream  pollution  studies^   The  first,  "Pollution 
of  the  Yellowstone  River"  was  written  in  I956  in  conjunction  with  the  U.  S„ 
Public  Health  Service.   The  second,  "An  Extensive  Chemical,  Physical,  Bac- 
teriological, and  Biological  Survey"  was  released  during  1959  and  covered 
the  Columbia  River  Drainage  in  Montana.   Information  and  data  for  the  fol- 
lowing report  were  obtained  from  files  of  the  State  Board  of  Health  and 
from  stream  surveys  made  during  the  summers  of  1958  and  1959^ 

The  primary  purpose  of  this  report  is  to  present  the  available  infor- 
mation in  more  or  less  summary  form  to  the  Montana  Water  Pollution  Council 
to  aid  the  Council  in  their  classification  of  the  streams  of  the  state. 
The  Montana  State  Board  of  Health  is  instructed  by  the  Water  Pollution  Act 
of  1955j  enacted  by  the  3^+th  Legislative  Assembly  of  Montana,  "to  conduct 
as  it  deems  necessary,  studies,  investigations,  research  and  demonstrations 
relating  to  water  pollution  and  the  causes,  prevention,  control  and  abate- 
ment thereof."   The  Water  Pollution  Act  provided  for  the  establishment  of 
a  seven  member  Water  Pollution  Council  and  one  of  its  duties  authorized  by 
the  Act  is  "to  group  such  waters  into  classes  in  accordance  with  their  pre- 
sent and  most  beneficial  uses  in  the  interest  of  the  public  and  such  classi- 
fications or  standards  may  from  time  to  time  be  altered  and  modified," 

The  streams  of  the  Missouri  River  drainage  area  in  Montana  are  among 
the  last  streams  in  the  state  to  be  classfied?  previous  classifications 
having  been  made  of  the  Yellowstone,  Clark  Fork,  and  Kootenai  River  Drain- 
age systems.   The  suggested  classification  of  the  streams  for  this  drainage 
area  are  given  in  Appendix  D.   The  Water  Pollution  Council's  Stream  Criteria 
for  Waste  Discharges  is  shown  in  Appendix  E. 

Another  purpose  of  this  report  is  to  tabulate  the  data  obtained  by  the 
survey  team  during  I958  and  I959  so  that  the  data  is  available  for  future 
reference  by  state  organizations  and  any  other  interested  parties.   The 
biological  data,  in  particular  will  be  of  value  in  comparing  the  condition 
of  the  stream  during  19  58  and  1959  and,  for  example,  ten  years  from  now 
after  further  industry  and  population  has  moved  into  the  area.   As  these 
are,  in  the  major  part,  clean  streams  these  data  will  be  invaluable  in  the 
administration  of  Montana's  pollution  control  program. 

As  a  thorough  discussion  regarding  survey  procedures  and  the  signifi- 
cance of  each  determination  was  given  in  the  Montana  State  Board  of  Health 
report  "An  Extensive  Chemical,  Physical,  Bacteriological,  and  Biological 
Survey",  these  items  will  be  only  touched  lightly  in  this  report. 
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Basin"  dated  May,  1952. 

SUMMARY 

1.  In  order  to  obtain  basic  information  necessary  for  the  classifi- 
cation of  streams  and  the  establishment  of  standards  of  water  quality  by 
the  Montana  Water  Pollution  Council,,  the  State  Board  of  Health  conducted  a 
physical,  chemical,  bacteriological,  and  biological  survey  of  the  Missouri 
River  drainage  in  Montana  during  the  summers  of  1958  and  19  59.   A  proposed 
classification  for  the  Missouri  River  Basin  streams  has  been  submitted  to 
the  Water  Pollution  Council, 

2.  Sampling  stations  were  established  above  and  below  known  sources 

of  pollution,  above  and  below  entering  streams,  and  in  streams  free  of  major 
pollution. 

5.  The  Missouri  River  basin  in  Montana  represents  an  area  where  pre- 
vention and  not  clean-up  of  stream  pollution  is  the  main  job  of  the  pollu- 
tion control  agency. 

k.      Low  dissolved  oxygen  concentrations  (below  5  ppm)  were  found  at 
two  stations;  below  the  Town  of  Whitehall  sewage  discharge  on  Whitetail 
Creek  and  below  the  City  of  Bozeman  sewage  discharge  on  the  East  Gallatin 
River. 

5.  Twenty-two  communities  obtain  their  water  supplies  from  surface 
sources  in  the  Missouri  River  Basin.   The  municipalities  of  Brady,  Bozeman 
(Bozeman  and  Hyalite  Creeks),  Butte  (Big  Hole  River),  Conrad,  Culbertson, 
East  Helena  and  Helena  (Ten  Mile  Creek)  need  additional  treatment  of  their 
surface  water  supplies.   Present  treatment  is  adequate  for  a  Class  "A"  water 
supply  where  additional  treatment  is  needed  for  a  Class  "B"  water  supply. 

6.  Class  "B"  water  treatment  is  provided  for  the  communities  of  Port 
Benton,  Chinook,  Harlem,  and  Fort  Belknap  even  though  sewage  treatment  or 
additional  sewage  treatment  is  needed  by  upstream  communities  to  assure  a 
safe  supply  for  Class  "B"  treatment.   The  cities  of  Great  Palls  and  Havre 
are  the  principle  offenders.   The  City  of  Great  Palls  is  presently  construc- 
ting an  adequate  treatment  plant  while  the  City  of  Havre  must  properly 
chlorinate  its  sewage  effluent. 
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7»   The  Beaverhead  River  in  the  Dillon  and  Twin  Bridges  areas  exceeds 
the  MPN  limits  for  a  Glass  "G"  streamo   Further  study  is  needed  in  each  of 
these  areas  to  determine  the  cause,  although  it  would  appear  that  indivi- 
dual sewage  discharges  are  responsible.   Biological  tests  also  indicated 
polluted  conditions  at  these  stationso 

8,   The  Jefferson  River  in  the  ^//hitehall  and  Three  Porks  areas  and  White- 
tail  Creek  below  the  Whitehall  sewage  discharge  exceed  the  MPN  limits  for 
Class  "G"  streams o   The  communities  of  Whitehall  and  Three  Forks  have  ade- 
quate treatment  facilities  scheduled  for  completion  during  I96I  to  lower 
the  MPN  count  on  these  streams^   Biological  samples  on  IVhitetail  Creek 
also  indicated  polluted  conditionso 

9o   In  the  Bozeman  area,  Bozeman  Creek,  Bridger  Creek  and  the  East 
Gallatin  River  greatly  exceed  the  MPN  limits  for  Class  "C"  streams.   Treat- 
ment of  wastes  from  the  Vollmer  Slaughterhouse  and  chlorination  of  the 
Bozeman  sewage  effluent  are  neededo   Local  action  is  also  needed  in  the 
Bozeman  area  to  eliminate  individual  sewage  discharges  to  nearby  streams. 
Biological  samples  also  indicated  polluted  conditions  in  the  East  Gallatin 
River, 

lOo   Chlorination  of  the  Bozeman  sewage  effluent  and  construction  of 

new  sewage  treatment  facilities  by  the  Town  of  Manhattan  in  I96I  should 

lower  the  ftPN  values  in  the  Gallatin  River  to  make  it  an  acceptable  Class 
"C"  stream^ 

11.  Further  treatment  of  sewage  is  needed  by  the  community  of  Trident 
on  the  Missouri  River, 

12.  Extremely  high  MPW  counts  were  found  below  the  City  of  Helena 
sewage  discharges  on  Ten  Mile  and  Prickly  Pear  Greeks,   The  new  Helena  sew- 
age treatment  plant  is  scheduled  to  be  placed  into  operation  by  December, 
i960  to  eliminate  this  condition, 

13«   Chlorination  of  the  City  of  Lewistown  sewage  treatment  plant  effluent 
and  plant  expansion  is  needed,   MPN  counts  on  Big  Spring  Creek  and  the  Judith 
River  below  the  City  of  Lewistown  exceed  the  limits  for  a  Class  "C"  supply. 
Biological  samples  also  indicate  the  pollution  of  Big  Spring  Creek  by  Lewis- 
town  sewage, 

lA-„   Biological  samples  from  Willow  Creek  near  the  Town  of  Browning 
indicated  polluted  water  conditions,   Few  treatment  facilities  are  needed 
by  Browning, 

15,  Biological  samples  from  the  Musselshell  River  below  the  City  of 
Harlowton  indicated  polluted  water  conditions.   Harlowton  has  constructed 
adequate  sewage  treatment  facilities  since  the  survey. 

16,  The  Milk  River  below  the  City  of  Havre  greatly  exceeds  the  limits 
for  a  Glass  "C"  water  supply.   Additional  chlorination  of  the  Havre  sewage 
effluent  is  needed  along  with  possible  secondary  treatment  of  the  effluent. 
The  communities  of  Dodson  Malta,  and  Glasgow  have  constructed  adequate  treat- 
ment facilities  since  the  survey  and  adequate  treatment  facilities  need  to 

be  constructed  by  the  communities  of  Hinsdale,  Nashua,  and  Fort  Belknap. 


17=   Treatment  is  needed  of  the  sewage  from  the  communities  of  Fort 
Peck  and  Poplar  on  the  lower  Missouri.   Construction  of  adequate  treatment 
facilities  by  Fort  Peck  will  probably  be  started  during  the  later  part  of 
I96O0   The  City  of  Wolf  Point  has  constructed  treatment  facilities  since 
the  survey, 

18«  Although  the  effects  of  wastes  from  the  Great  Palls  Meat  Packing 
Company  and  the  communities  of  Bainville,  Cascade,  Port  Harrison,  Lavina, 
Medicine  Lake,  Saco,  Scobey,  Stanford,  Vaughn  and  Winnett  were  not  deter- 
mined during  the  survey,  treatment  or  further  treatment  is  needed  to  meet 
minimum  treatment  requirements  established  by  the  Water  Pollution  Council, 

19.   Eighty-seven  percent  of  the  population  in  the  Missouri  River  Basin 
in  Montana  is  served  by  adequate  sewage  treatment  facilities  or  will  be 
served  by  adequate  facilities  by  I96I. 

2O0   Fourteen  percent  of  the  biological  samples  taken  during  the  sur- 
vey indicated  polluted  water  conditions.   Since  a  major  part  of  the  samples 
were  collected  below  known  sources  of  pollution  and  many  of  these  sources 
of  pollution  have  since  been  eliminated,  the  Missouri  River  Basin  streams 
could  be  considered  in  the  major  -nart  clean  water  streams.   However,  a 
resurvey  of  part  of  the  streams  is  indicated  within  the  next  few  years  after 
additional  sources  of  pollution  have  been  eliminated, 

RECOfmENDATIONS 

lo   The  proposed  stream  classification  for  the  Missouri  River  Basin 
streams  be  adopted  by  the  Montana  Water  Pollution  Council, 

2,  Facilities  for  treatment  of  slaughterhouse  wastes  by  the  Great 
Palls  Meat  Packing  Company,  Great  Falls,  and  Yollmer  Slaughterhouse,  Bozeman 
be  constructed, 

3,  Adequate  settling  ponds  for  mill  wastes  be  constructed  at  the 
Northern  Mills  near  Townsend, 

4,  A  local  pollution  control  program  is  needed  in  the  Bozeman  area 
and  possibly  in  the  Dillon  area  to  prevent  individual  sewage  discharges 

to  streams,   A  community  sewer  system  is  needed  by  the  Town  of  Twin  Bridges 
to  eliminate  present  individual  discharges, 

5,  Chlorination  of  sewage  effluents  at  Bozeman,  Lewistown,  Lavina, 
Malmstrom  Air  Force  Base  and  Vaughn  be  initiated.   The  chlorine  dosage  at 
Havre  be  maintained  at  a  proper  level. 

6,  Additional  sewage  treatment  facilities  or  new  facilities  be  pro- 
vided at  Bainville,  Browning,  Cascade,  Fort  Harrison,  Port  Belknap,  Hinsdale, 
Lewistown,  Nashua,  Medicine  Lake,  Poplar,  Saco,  Scobey,  Stanfor(^,  Trident  and 
Winnett. 

7o   Further  investigation  be  made  to  determine  whether  Havre  and  Bozeman 
need  secondary  sewage  treatment. 


8o  Additional  water  treatment  facilities  be  constructed  at  Bozeman, 
Butte,  Brady,  Conrad,  Cultertson,  East  Helena  and  Helena  to  treat  a  Class 
"B"  water  supply. 

9.   A  resurvey  he   made  of  at  least  part  of  the  Missouri  River  Basin 
streams  in  a  few  years  to  note  changes  in  stream  conditions, 

GENERAL  DESCRIPTION  OP  AREA 

Physical  Description 

The  Missouri  River  as  it  leaves  Montana  and  enters  North  Dakota  has 
provided  drainage  for  approximately  9^,000  square  miles,   A  very  small  por- 
tion of  this  drainage  area  lies  within  Yellowstone  Park,  Wyoming  and  North 
Dakota.   Approximately  85,000  square  miles  are  in  Montana  and  9,000  square 
miles  are  in  Canada. 

The  Missouri  River  is  considered  to  be  formed  near  Three  Forks,  Montana, 
by  the  junction  of  the  Jefferson,  Madison,  and  Gallation  Rivers,  although 
some  geographers  consider  the  main  stem  of  the  Missouri  to  extend  above 
Three  Forks  through  the  Jefferson  and  its  tributaries,  namely  the  Beaver- 
head and  Red  Rock  Rivers,  to  the  source  of  the  Red  Rock  River  as  the  ulti- 
mate beginning  of  the  Mississippi-Missouri  River  system.  From  Three  Porks 
the  river  flows  in  a  generally  northern  and  northeasterly  direction  for  a 
distance  of  about  ^00  miles,  thence  easterly  to  the  North  Dakota  boundary. 
Within  the  state  of  Montana,  approximately  800  miles  of  the  Missouri  River 
traverse  the  drainage  area  as  measured  from  its  origin  near  Three  Forks  to 
the  North  Dakota  boundary. 

The  river  lies  in  the  northern  Rocky  Mountain  region  from  its  headwaters 
to  the  vicinity  of  Great  Palls,  Montana.   The  Missouri  enters  the  Great 
Plains  region  50  miles  upstream  from  Great  Palls  at  a  point  called  "The 
Gates  to  the  Mountains,"  as  named  by  Lewis  and  Clark,  It  is  a  clear,  swift 
flowing  stream  with  a  discharge  of  considerable  magnitude. 

The  Jefferson  River  has  a  total  drainage  area  of  9? 520  square  miles  and 
a  length  of  2^8  miles.   The  Jefferson  is  formed  by  the  junction  of  the  Beaver- 
head and  Big  Hole  Rivers  just  north  of  Twin  Bridges,  Montana,  from  whence 
it  flows  northeast  to  its  junction  with  the  Madison  and  Gallatin  Rivers 
near  Three  Porks,  Montana.   Its ' principal  tributary  is  the  Boulder  River 
which  rises  in  the  vicinity  of  Deer  Lodge  National  Forest  along  the  eastern 
slope  of  the  Continental  Divide.   Other  tributaries  of  importance  are  the 
Big  Hqle  River,  Pipestone,  Whitetail,  South  Boulder,  and  Willow  Creeks, 
The  average  slope  of  the  Jefferson  River  is  19.5  feet  per  mile. 

The  Madison  River,  which  is  formed  by  the  junction  of  the  Pirehole  and 
Gibbon  Rivers  in  Yellowstone  National  Park  in  Wyoming,  flows  west  to  the 
vicinity  of  Cliff  Lake  where  it  turns  north  to  its  junction  with  the  Jef- 
ferson and  Gallatin  Rivers,   It  drains  a  total  of  2,520  square  miles.   The 
Pirehole  River  rises  near  the  Upper  Geyser  Basin  in  Yellowstone  Park  and 
is  fed  by  the  geysers  and  hot  springs  of  Upper  and  Lower  Geyser  Basins, 
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The  Gibton  River  rises  near  Grebe  Lake  in  Yellowstone  Park  from  whence  it 
flows  southwest  to  join  the  Firehole  River„   Throughout  much  of  its  length 
the  Madison  has  formed  steep-sided  canyons  and  medium  size  valleys.   The 
flood  plains  are  flanked  by  series  of  coarse  gravel  terraces  rising  to  about 
150  feet  above  the  rivero   The  river  is  183  miles  in  length  and  has  a  slope 
of  approximately  25,1  feet  per  mile. 

']....    The  Gallatin  River  is  formed  by  the  junction  of  the  West  Gallatin  and 
East  Gallatin  Rivers.   The  West  Gallatin  River  rises  in  the  northwest  cor- 
ner of  Yellowstone  National  Park  and  joins  the  East  Gallatin  at  Logan,  Mon- 
tana.  Other  principal  tributaries  of  the  Gallatin  system  are  Taylor  Pork, 
West  Pork,  Spanish  Greek,  and  Hyalite  Creek.   The  Gallatin  drains  a  total 
area  of  1,840  square  miles  and  through  the  West  Gallatin,  its  principal 
tributary,  is  approximately  120  miles  in  length.   Its  average  slope  is  4l,7 
feet  per  mile. 

The  major  tributaries  of  the  Missouri  River  below  Three  Porks,  Montana, 
includi  the  Dearborn,  Smith,  Sun,  Marias,  Judith,  Musselshell,  Milk  and 
Poplar  Rivers.   The  Marias,  Musselshell  and  Milk  Rivers  are  the  largest  of 
the  group,  each  having  more  than  9,000  square  miles  of  drainage  area. 

The  Milk  River  rises  in  the  extreme  northwesterly  portion  of  the  Upper 
Missouri  Basin  and  flows  northward  into  Canada  and  includes  in  its  drain- 
age area  the  extreme  southern  portions  of  the  province  of  Alberta,  and  the 
southwestern  corner  of  the  province  of  Saskatchewan.   It  then  returns  across 
the  International  Boundary  into  Montana  and  flows  in  a  southeastwardly  dir- 
ection to  join  the  Missouri  River  at  a  point  about  11  miles  downstream  from 
Port  Peck  Dam,   It  drains  an  area  of  2^,526  square  miles,  of  which  8,279 
square  miles  are  located  in  Canada.   The  stream  is  729  miles  in  length  and 
has  an  average  slope  of  6. 8  feet  per  mile.   The  principal  tributaries  of  the 
Milk  River  include  Big  Sandy,  Lodge,  Battle,  White  Water,  Frenchmans,  Beaver, 
and  Rock  Creeks,   For  most  of  its  length  the  river  lies  in  the  high  plains 
region.   Its  flow  is  normally  small  but  viaxies  between  great  extremes. 

Many  of  the  streams  of  the  Basin  are  fed  from  natural  hot  springs. 
Such  springs  are  found  at  Bozeman  Hot  Springs  in  Gallatin  County;  Potosi, 
Ziegler,  and  Barkell  Hot  Springs  in  Madison  County;  Elkhorn  and  Jackson  Hot 
Springs  in  Beaverhead  County;  Pipestone,  Alhambra,  and  Boulder  Hot  Springs 
in  Jefferson  County;  White  Sulphur  Snrings  in  Meagher  County;  Broadwater 
Springs  in  Lewis  and  Clark  County,  and  in  the  Geyser  Basin  of  Yellowstone 
National  Park.   Natural  cold  water  springs  at  Great  Palls,  Lewistown,  and 
Toston,  Montana,  have  flows  of  500,110,  and  60  cubic  feet  per  second  respec- 
tively. 

Mineral  resources  are  found  in  almost  every  section  of  the  . Missouri 
drainage  area.   These  include  gold,  silver,  copper,  lead,  zinc,  phosphate, 
and  coal.   Oil  and  natural  gas  fields  have  been  located  in  the  lower  por- 
tion of  the  drainage  area. 

Climate 

Due  to  great  differences  in  elevation  throughout  the  Upper  Missouri 
Basin  (2, 000, to  11,000  feet)  climatic  conditions  vary  widely.   Precipitation 
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varies  from  10  to  20  inches,  with  the  greatest  amount  falling  in  the  moun- 
tains.  The  great  plains  area  seldom  receives  more  than  1^  inches  of  mois- 
ture per  year„   Seventy  to  75  percent  of  the  precipitation  in  the  plains 
region  occurs  between  April  1  and  Seiotember  1,   Snowfall  ranges  from  30 
inches  in  the  Milk  River  Basin  to  as  much  as  10  to  15  feet  in  the  mountain- 
ous areao 

The  average  growing  season  varies  from  29  days  at  Gold  Butte,  Montana, 
to  a  maximum  of  185  days  in  the  lower  plains «   Average  of  the  lower  plains 
region,  however,  is  from  II5  to  I25  days.   Frosts  occur  every  month  of  the 
year  in  some  portions  of  the  Basin.   The  temperature  range  is  likewise  great, 
The  winters  are  normally  very  cold  with  short,  hot  summerso   In  the  Milk 
River  Basin  the  mean  monthly  January  temperature  is  11,1°  while  the  July 
mean  monthly  temperature  is  69.7°'  F„   The  winters  throughout  the  area  are 
frequently  moderated  with  warm,  dry  winds  known  as  "Chinooks"  which  rapidly 
melt  the  snow,  dry  the  ground,  and  introduce  short  periods  of  pleasant 
weather. 


USES  OF  WATER  RESOURCES 

The  earliest  uses  of  water  in  the  Basin  were  for  transportation  and 
hydraulic  mining.   The  use  of  water  for  placer  mining,  or  jetting  of  gold 
from  the  creek  banks,  was  the  basis  for  the  present  Law  of  Water  Rights 
in  Montana.   The  first  water  right  established  in  the  Upper  Missouri  Basin  :: 
was  acquired  on  Elkhorn  Greek  in  Jefferson  County  in  1861. 

The  Missouri  River  and  its  tributaries  are  used  as  sources  of  public 

water  supply  for  22  cities  and  towns.   Table  1  gives  the  location  of  these 

supplies  and  the  treatment  provided.   The  Appendix  D  map  also  indicates  the 
location  of  these  supplies. 

Irrigation  is  an  extremely  important  use  of  water  in  this  area.   There 
are  about  a  million  acres  under  irrigation.   An  additional  one  and  one-half 
million  acres  are  considered  irrigable.   L^rge  irrigation  projects  now  exist 
in  the  Milk  River  Valley,  along  the  Sun  and  Marias  Rivers,  and  in  the  valleys 
of  the  Madison,  Gallatin,  and  Jefferson  Rivers. 

There  is  considerable  hydroelectric  power  development  in  the  region. 
The  principal  power  plants  are  located  at  Black  Eagle,  Ryan,  Rainbow,  Coch- 
rane and  Marony  Dams  in  the  vicinity  of  Great  Falls.   Other  regulatory  works 
and  power  plants  are  located  at  Hebgen  Reservoir  on  the  Madison  River  and 
Hauser,  Holter  and  Canyon  Ferry  Dams  on  the  Missouri  River.   Downstream  at 
Fort  Peck  Dam  a  large  generating  plant  has  been  installed  by  the  Corps  of 
Engineers . 

The  Anaconda  Copper  Mining  Company  has  a  large  smelter  at  Black  Eagle, 
Montana,  across  the  river  from  Great  Falls,  which  electrolitically  purifies 
copper  and  zinc.   The  smelter  was  located  here  in  order  to  utilize  the  elec- 
tricity produced  at  the  nearby  hydroelectric  power  plants,  and  to  have  avail- 
able a  sufficient  volume  of  water  for  cooling  purposes.   The  oil  refinery  at 
Great  Falls  is  also  dependent  upon  the  river  for  its  water  supply. 
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TABLE  I 


MUNICIPAL  WATER  SUPPLIES  FROM  SURFACE  WATERS 
IN  MISSOURI  RIVER  BASIN  OP  MONTANA 


Municipality 

Basin 

Bozeman 

Brady 

Butte 
Chinook 

Conrad 


Culloertson 
Cut  Bank 

Dillon 
East  Helena 
Fort  Belknap 

Fort  Benton 

Fort  Peck 


Source 

Basin  Creek 

Bozeman,  Lyman 
and  Hyalite  Creeks 

Impuundment  from 
irrigation  ditch 

Big  Hole  River 

Milk  River 


Lake  Francis  & 
irrigation  ditch 


Missouri  River 
Cut  Bank  Creek 

Rattlesnake  Creek 
McClellan  Creek 
Milk  River 

Missouri  River 

Missouri  River 


Glacier  Park  Station  Midvale  Creek 

Missouri  River 


Glasgow  Air  Force 
Base 

Harlem 


Havre 


Milk  River 


Milk  River 


Treatment 
Chlorination 
Chlorination 

Chlorination 

Chlorination 

Coagulation,  filtration 
and  chlorination 

Chlorination  (coagulation, 
filtration  and  chlorination 
of  irrigation  ditch  supply 
during  its  usage) 

Chlorination 

Coagulation,^  filtration 
and  chlorination 

Chlorination 

Chlorination 

Coagulation,  filtration 
and  chlorination 

Coagulation,  filtration  and 
and  chlorination 

Coagulation,  filtration 
and  chlorination 

Chlorination 

Coagulation,  filtration 
and  chlorination 

Coagulation,  filtration 
and  chlorination 

Coagulation,  filtration 
and  chlorination 


Tatle  I  Continued 

Municipality 

Helena 


Weihart 

Sheridan 

White  Sulphur 
Springs 


bource 


Ten  Mile  Creek  and 
Missouri  Eiver 


O'Brien  Creek 
Indian  Creek 
V/illow  Creek 


Treatment 

Coagulation,  filtration 
and  chlorination  of  Miss- 
ouri River  water  when 
usedo   Chlorination  of  Ten 
Mile  Greek  Supply, 

None 

Chlorination 

Chlorination 


Page  7  Continued 

Trout  fishing  in  the  Upper  Missouri  Basin  constitutes  some  of  the 
finest  in  the  nation.   Thousands  of  anglers  are  attracted  yearly  by  the  p 
splendid  fishing  afforded  them  in  the  Big  Hole,  Gallatin,  Beaverhead,  Wise, 
Madison,  Sun  and  Dearborn  Rivers,   The  streams  mentioned  are  particularly 
well  known,  however,  there  are  innumerable  tributaries  that  also  offer 
excellent  fishing.   Rainbow,  cutthroat,  eastern  brook  and  brown  trout,  and 
mountain  white  fish  are  found  in  abundance,, 

There  is  little  commercial  navigation  in  the  streams,  however,  a  con- 
siderable fleet  of  small  power  craft  operate  on  Hebgen,  Holter,  Hauser, 
Canyon  Ferry,  Fort  Peck,  Tiber,  and  Fresno  Lakes. 

DISPOSAL  OP  WASTES 

Sixty-nine  municipalities  and  communities  having  a  1950  population 
of  148,999  have  sewer  systems  in  this  drainage  area.   Forty-four  of  these 
serving  65,1^0  have  sewage  treatment  facilities  considered  adequate  while 
another  seven  serving  64,0^2  have  construction  underway  or  construction  to 
begin  during  19dOo   Included  in  the  seven  municipalities  are  Great  Falls  and 
Helena  which  are  presently  discharging  untreated  sewage  to  the  Missouri  River 
and  its  tributaries „  '  Eighteen  of  the  remaining  municipalities  serving  19,817 
have  no  treatment  facilities,  or  present  treatment  is  considered  inadequate 
to  meet  Water  Pollution  Council  Criteria  (Appendix  E)  which  places  the  min- 
imum treatment  of  domestic  sewage  at  primary  treatment  and  effective  disin- 
fection or  sewage  lagoon  treatment.   Figure  I  summarizes  the  status  of  sew- 
age treatment  while  Table  2  gives  the  status  of  individual  communities  on 
October  1,,  1960„ 

Industrial  pollution  in  the  area  is  low  as  the  area  overall  is  very 
lightly  industralizedo   The  Great  Falls  area  is  the  most  extensively  indus- 
trialized with  the  Anaconda  Company  Reduction  plant,  the  Phillips  refinery, 
two  meat  packing  plants,  a  brewery,  the  Great  Northern  Railway  Shops,  flour 
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mills  and  other  smaller  industries-contributing  small  loads  to  the  Missouri 
River»   An  example  of  recent  pollution  was  the  discharge  of  phenolic  wastes 
hy  the  Phillips  Refinery  to  the  Missouri  River  in  Mtarch,  I959  and  the  re- 
sultant chlorophenolic  taste  in  the  Fort  Benton  water  supply.   This  dis"- 
charge  was  made  knowingly  by  the  refinery,  but  at  a  rate  that  was  thought  ■. 
would  not  cause  any  detrimental  affects  to  the  river.   The  refinery  has 
made  assurances  that  a  similar  discharge  will  not  happen  again. 

Table  5  lists  the  status  of  wastes  treatment  of  the  industries  with  the 
greatest  potentiality  for  stream  pollution,  however,  most  of  the  wastes  are 
being  taken  care  of  satisfactorily.   There  are  many  smaller  industries  /  ■  : 
throughout  the  state  contributing  small  pollution  loads  to  the  Missouri  and 
its  tributaries  such  as  small  meat  packing  plants,  creameries,  gravel  washing 
operations,  small  raining  and  milling  operations,  etc.   In  most  instances 
these  create  only  localized  nusiance  conditions  and  knowledge  of  these  are 
usually  learned  by  individual  complaints. 

One  of  the  duties  of  the  State  Board  of  Health  as  set  forth  in  the 
Water  Pollution  Act  is  "to  issue,  continue  in  effect,  revoke,  modify  or 
deny  permits  to  any  person  for  the  collection  and  discharge  of  sewage  and 
industrial  and  other  wastes  under  such  conditions  as  the  Council  may  pre- 
scribe to  achieve  the  purposes  of  this  Act," 

There  are  areas  in  the  state  where  improper  irrigational  practices 
contribute  to  the  degradation  of  the  stream.   The  lower  portion  of  the  Sun 
River  and  the  Milk  River  are  examples  of  this. 

The  Missouri  River  Basin  in  Montana  represents  an  area  where  prevention 
and  not  clean-up  of  stream  pollution  is  the  main  job  of  the  pollution  control 
agency. 
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TABLE  2 


Status  of  Municipal  Sewage  Treatment 
in  Missouri  River  Basin  of  Montana 
October  1,  I96O 


Municipality 

Bainville 

Belgrade 

Big  Sandy 


I 

)^   Boulder  State 
'    School 


Bozeman 


1950 

Census 
Population 

356 

663 

700* 
11,252 


Discharge 
to 

Shotgun  Creek 


Big  Sandy 
Creek 

Boulder  River 


East  Gallatin 
River 


Mileage 
1700-8 


1857.^- 
'fl2-36 

2^6^=33- 

2^6^-10- 
51 


Treatment 
Provided 

Imhoff  tank 

Septic  tank 

Lagoon 

Lagoon 


Primary 
treatment 


Brady  1 

180 

Lagoon 

Brockton 

4oo 

Missouri 
River 

17^6 

Lagoon 

Browning 

1,67^ 

Willow  Cree 

k 

2181- 
15 

■  223- 

Septic 

tank 

Cascade 

^^7 

Missouri 
River 

2306 

None 

Chester 

733 

Cottonwood 
Greek 



Lagoon 

■^Estimate 

d 

Additional 
Treatment 
Needed 

Secondary 

None 

None 

None 

Chlorination 
and  possible 
secondary 
treatment 

None 

None 

Lagoon 

Lagoon 

None 


Community 
Action 

None 

Effluent  seeps 
into  gravel  beds 


Pacilties  avail- 
able for  chlorina- 
tion 


None 


Preliminary 
planning  initiated 


. -Municipality 

1950 

Census 

Population 

Discharge 
to 

Mileage 

Treatment 
Provided 

Additional 

Treatment 
Needed 

Community 

Action 

Chinook 

2,299 

Milk  River 

1857=363 

Secondary  & 
Chlorination 

None 

Ghoteau 

1,615 

Teton  River 

2181-lo5- 
128 

Lagoon 

None 

Circle 

856 

No  overflow 

___ 

Lagoon 

None 

Conrad 

1,85^ 

Pondera  Greek 

„__ 

Lagoon 

None 

Culbertson 

779 

No  overflow 
from  lagoon 

__= 

Lagoon 

None 

Gut  Bank 

1 

M 
^>1 

3,719 

Coulee  to  Gut 
Bank  Greek 

2181-200 

Lagoon 

None 

1 

Denton 

^35 



___ 

Lagoon 

None 

- 

Dillon 

3,079 

Beaverhead 
River 

2k6l+A- 
65-27 

Lagoon 

None 

Dodson 

330 

Milk  River 

1857»^=258 

Lagoon 

None 

Dutton 

^31 

Ditch 

Secondary 

None 

East  Helena 

1,21^ 

Ditches  to 
Prickly  Pear  Gto 

__„ 

Lagoon 

None 

Port  Belknap 

200* 

Milk  River 

l857o^=3l9 

Septic 

tan 

Lk 

Lagoon 

None 

Fort  Benton  r.i 

1,508 

Missouri  River 

2202 

None 

Lagoon 

Under  construe 

Fort  Harrison 

300* 

Seven  Mile 
Greek 

2372o5= 
9„^=5"2 

Septic 

tank 

Lagoon 

Planning 

initiated 

Fort  Peck 


1,150 


Missouri  River 


1868 


None 


Lagoon 


Construction  to  be 
started  during  I96O 


*Estimated 


Municipalit.i 
Fro  id 


Geraldine 

Glasgow 

Great  Palls  & 
Black  Eagle 

-p-  Great  Falls  - 
Malrastrom  Air 
Force  Base 

Harlem 
Harlowton 


Havre 


Helena 


Helena  -  Voca- 
tional School 


Hingham 


1950 

Census 

Population 

555 


37^ 
5,810 

39,006 

4,000* 

1,103 
1,718 

8,094 

17,498 

100* 
214 


Discharge 
to 

Sheep  Creek 


Mile  age  c- 

1725=7- 
35-8 


Milk  River 


Missouri 
River 

Missouri 
River 


Thirty  Mile  Cr, 
to  Milk  River 

Irrigation 
ditch  to  Mus- 
selshell River 

Milk  River 


Prickly  Pear 
and  Ten  Mile 
Greeks 

Prickly  Pear 


No  overflow 


1857„4- 
60 

2248 
2245 


1857o4. 
320-7 

1994.7= 
278 


l857o4. 
4oi 


2372o5- 
12 


2372.5- 
10 


Treatment 
Provided 

Small  lagoon 


Additional 
Treatment 
Weeded 


Community 

Action 


Lagoon 
Lagoon 

None 

Imhoff  tank 

Secondary 
Lagoon 


Primary  & 
chlorination 


None 


Lagoon 


Lagoon 


Larger  lagoon   Planning  initiated 
for  lagoon  of  pro- 
per size  to  serve 
complete  community 

None 
None 


Primary  &      Under  construction 
Chlorination 

Chlorination   None 


None 


None 


Better  operation 
required 


Secondary      None 
treatment  pro- 
bably needed 

Primary  &      Under  construction 
chlorination 


None 


None 


^Estimated 


Municipality 

1950 

Census 
Population 

Discharge 
to 

Mileage 

Treatment 
Provided 

Additional 
Treatment 
Weeded 

Community 
Action 

Hinsdale 

350 

Milk  River 

1857=121 

Septic  tank 

Lagoon 

None 

Hobson 

205 

Judith  River 

21lA-,7=73 

Lagoon 

None 

Jordan 

696 

Big  Dry  Greek 

--- 

Lagoon 

None 

Judith  Gap 

175 

Roberts  Greek 

___ 

Septic  tank  & 
sand  filter 

None 

Lavina 

195 

Musselshell 
River 

199^.7= 
197 

Septic  tank 

ehlorination 

None 

Lewis town 

6,5^0 

Big  Springs 
Greek 

211^-55- 
15 

Primary 

Plant  expan- 
sion &  chlor- 
tion 

Planning 
initiated 

Malta 

2,085 

Milk  River 

1857»^= 
215 

Lagoon 

None 

Manhattan 

716 

Gallatin  River 

2^6'f=9 

Septic  tank 

Lagoon 

Construction  tc 
during  I96O  or 

Nashua 

691 

Milk  River 

1857"^- 

2k 

Septic  tank 

Lagoon 

None 

Medicine  Lake 

if  5^ 

Big  Muddy 
Creek 

l725o7= 
55 

Septic  tank 

Lagoon 

None 

Melstone 

195 

Musselshell 
River 

199^0 7- 
120 

Lagoon 

None 

Opheim 

385 

=■  — 

=== 

Lagoon 

None 

Plentywood 

1,862  . 

Big  Muddy 

--- 

Lagoon 

None 

Poplar 

1,169 

Missouri  River 

1775 

Imhoff  tank 

Lagoon 

None 

*Estimated 

Municipal: 

Lty 

1950 

Census 
Population 

Discharge 
to 

Mileage 

Treatment 
Provided 

Additional 
Treatment 
Needed 

Richey 

59  5 

No  overflow 

Lagoon 

None 

Roundup 

2,852 

Musselshell 

River 

199^»7- 
170 

Lagoon 

None 

Rudyard 

550 

No  overflow 



Lagoon 

None 

Saco 

539 

Beaver  Greek 

1857-136A 

Septic. 

tank 

Lagoon 

Scobey 

1,628 

Poplar  River 

1775»8~ 

Imhoff 

tank 

Lagoon 

as 
I 


Shelby 


Sheridan 


Stanford 


Sunburst 


Three  Forks 


Townsend 


Trident 


3,058 
572 
5^-2 
8^5 
1,106 
1,316 
200 


Twin  Bridtes  State   55O* 
Children's  Home 


Ditch  to 
Marias  River 

Mill  Creek 


Skull  Creek 


Pond  with 
no  outlet 

Jefferson 
River 

Missouri 
River 

Missouri 
River 

Beaverhead 
River 


95.1 
2181-164    None 


2^64  A= 
65-4 

2114-10.5- 
60-2 


Lagoon 


Lagoon 


None 


Septic  tank    Lagoon 
&  sand  filter 

Septic  tank    None 


2464.4- 
3.4 

2423 
2463 


2464.4- 
65-4 


None 


Lagoon 


Lagoon 


None 


Septic  tank    Lagoon 


Lagoon 


Community 
Action 


Planning  initiated 
Planning  initiated 

Under  construction 


None 


Construction   to   star' 
during    I96O    or    I96I. 


None 


None 


♦Estimated 


«nitehall 


White  Sulphur 
Springs 

Winne tt 


7^   Wolf  Point 


1950 

Census 

Discharge 

Population 

to 

710 

Dry  Creek 

125* 

Sun  River 

929 

Whitetail 

Creek 

1,015 


407 


2,557 


Smith  River 


McDonald  Creek 


Missouri 
River 


2252,2= 

12 

2k6kA- 
4  0-5 

2280.4= 
ll5=-5 

1994o7= 
67-20-15 

1800 


Treatment 
Provided 

Lagoon 

Imhoff  tank 


Lagoon 


Lagoon 


Additional 

Treatment 
Weeded 

Hone 

Ghlorination 


Septic  tank    Lagoon 


None 


Septic  tank    Lagoon 


None 


Community 
Action 


None 


Construction  should 
start  during  I96O 


None 


^Estimated 


TABLE  3* 


Status  of  Major  Industrial  Wastes  Treatment 
in  Missouri  River  Basin  of  Montana 


OD 


Location 
Bozeman 

Chinook 

Cut  Bank 
Great  Falls 

Great  Falls 

Great  Palls 

Great  Falls 

Great  Falls 
Kevin 

Sunburst 

Towns end 


Name 


Vollmer  Slaughter 
House 

Diamond  Asphalt 
Company 

Union  Oil  Company 


AoCcM,  Reduction 
Plant 


Phillips  Oil 
Refinery 


Great  Falls 
Meat  Packing  Co, 


Montana  Meat 
Company 

Great  Falls  Brewery 

Big  West  Refinery 

Texaco  Refinery 

Northern  Mil-is 


Discharge  to 
Eo  Gallatin 


Missouri 
River 


Missouri 
River 


Missouri 
River 


Mileage 
2^6^-10-52 


2248 


2248 


2246 


Treatment  inadequate = 

I 

No  discharge  to  creek. 


Treatment  adequate  -  no  x^rastes 
reach  flowing  water  course. 

No  apparent  detrimental  effects 
to  Missouri  River  hy  effluent., 
discharge^ 

Treatment  probably  inadequate. 
Further  study  needed-   Discharge 
to  Missouri  River. 

Discharge  untreated  wastes  to 
Missouri  River-   Need  treatment 
facilities. 

Wastes  treated  in  non-overflow- 
ing lagoons. 

Wastes  to  city  sewer. 

Treatment  adequate-no  wastes 
reach  flowing  water  course. 

Treatment  adequate-no  wastes 
reach  flowing  water  course. 


Indian 

Greek 


2423-12 


Discharge  to  Indian  Creek. 
Need  adequate  settling  ponds. 

*It  is  required  that  a  permit  be  obtained  before  a  waste  is  discharged  to  a  classified  stream.   Those 
that  ai--e  now  discharging  wastes  will  have  their  operations  revicwod  periodically. 


SimVEY  INFORMATION  PROYIDED 

The  loca'tion  and  identification  of  the  stations  are  shown  in  Appendix 
A,   The  river  mileages  indicated  were  obtained  from  U,  So  Geological  Survey 
(USGS)  data  where  avail-ahle  or  in  other  instances  where  USGS  river  mileages 
were  not  available,  the  mileage  was  estimated  from  the  closest  point  that  a 
USGS  mileage  was  providedo   Maps  1^  2  and  3  give  the  location  of  the  stations 
in  conjunction  with  Appendix  A» 

Bacteriological,  chemical  and  physical  data  are  listed  in  Appendix  B 
and  biological  data  in  AppendisE  C„  Again,  the  stations  can  be  located  by 
referring  to  Appendix  A  and  Maps  1^  2  and  3. 

In  general  3  sampling  stations  were  located  as  follows s 

lo   Above  and  below  known  sources  of  pollution  being  discharged  into 
the  stream^  with  the  "below  pollution"  being  located  far  enough  downstream 
from  the  effluent  to  insure  thorough  mixing  with  the  receiving  stream^ 

2.   Above  and  below  the  mouth  of  an  entering  stream^ 

3=   At  various  locations  in  streams  known  to  be  free  of  municipal  and 
industrial  pollutiono 

Ideally  samples  would  be  taken  at  various  times  throughout  the  year  at 
each  station  and  a  24  hour  composite  or  individual  samples  over  a  period  of 
2k   hours  would  be  takeno   Due  to  personnel  available  and  budget  considerations, 
the  ideal  could  not  be  accomplishedo   However,  in  a  few  instances  where  it 
appeared  that  dissolved  oxygen  might  be  a  problem  in  supporting  fish  lifej 
dissolved  oxygen  samples  were  collected  over  a  2k   hour  period  and  analyzed. 
Samples  for  bacteriological  examination  and  biochemical  oxygen  demand  (BOD)' 
were  normally  taken  over  a  2k   hour  period  at  the  same  time  2k   hour  dissolved 
oxygen  samples  were  taken.   At  a  small  number  of  stations,  samples  were  col- 
lected both  during  1958  and  1959 „ 

It  is  preferable  where  only  one  sample  is  taken,  that  the  sample  be  taken 
when  the  stream  is  being  taxed  at  its  maximum.   This  generally  occurs  at  a 
time  when  the  flow  is  at  its  lowest o   Sampling  at  such  a  time  in  most  in^-' 
stances  was  not  possible  because  of  the  availability  of  the  survey  crew  only 
during  the  summer  months  <.   During  June  and  the  earlier  part  of  July  stream 
flows  are  generally  close  to  the  maximumc   It  should,  therefore,  be  recog- 
nized that  single  grab  samples  for  bacteriologicalj  physical  and  chemical 
analysis  represent  only  conditions  at  the  time  of  the  sample  collection 
and  wide  variation  from  thesfe  results  at  other  times  could  occur.   The  bio- 
logical results  would  not  have  the  wide  seasonal  variation  experienced  in  .-■ 
chemical  and  bacteriological  results. 

Chemical  data  in  most  instances  during  this  survey  did  not  provide 
much  information  on  pollution,   i*ow  dissolved  oxygen  samples  would  indicate 
gross  pollution.   The  Most  Probable  Number  (MPN)  of  coliform  bacteria  gives 
a  good  indication  of  municipal  pollution  while  biological  results  are 
usually  the  best  indicator  of  industrial  pollution  and  to  some  extent  human 
sev7age  pollution, 
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A  report,  "Pollution  Studies  on  the  Missouri  River  in  the  Great  Falls 
Area"  dated  November  26,  1957  and  published  by  the  Montana  State  Board  of 
Health  gives  further  chemicalj  physical,  bacteriological  and  biological 
data  for  the  immediate  Great  Falls  area. 

CHEMICAL  Aro  PHYSICAL  PROCEDURES  AWD   RESULTS 

In  the  selection  of  the  chemical  data  to  be  obtained,  the  object  was 
to  complete  the  majority  of  the  tests  in  the  field  and  the  time  consumed 
on  these  chemical  tests  approximated  the  time  spent  on  the  biological  work 
and  as  much  data  as  possible  was  obtained  in  this  period  of  time» 

Additional  and  more  complete  chemical  analyses  can  be  obtained  from 
the  q,uality  of  Water  Branch  of  the  U,  S<,  G»  S.  for  the  Gallatin  River 
Basin,  Beaverhead  River,  Madison  River,  Missouri  River,  Prickly  Pear  Creek, 
Sun  River,  Cut  Bank  Creek,  Marias  Risrer,  and  Milk  River, 

Dissolved  Oxygen 

Dissolved  oxygen  analysis  is  the  one  chemical  test  known  to  be  inval- 
uable in  pollution  control  work  as  it  is  indicative  of  organic  pollution. 
Biological  life  in  the  streams  use  oxygen  in  their  process  of  purifying  this 
organic  waste.   Since  the  action  of  the  biological  life  in  purifying  the 
waste  is  a  comparative  slow  process,  the  point  of  lowest  dissolved  oxygen 
content  (oxygen  sag)  may  be  many  miles  downstream  from  the  source  of  pol- 
lution. 

Dissolved  oxygen  analytical  procedures  followed  the  modified  Vinkler 
Method  using  the  Alsterberg  Modification  as  set  forth  in  "Standard  Methods 
for  the  Examination  of  Water,  Sewage  and  Industrial  Wastes",  10th  Edition, 

Dissolved  oxygen  results  are  expressed  in  parts  per  million  (ppm)  and 
percent  saturation.   Five  ppm  of  dissolved  oxygen  is  considered  necessary 
to  support  a  game  fish  population  such  as  rainbow  trout  and  is  the  mini- 
mum permitted  by  the  Water  Pollution  Council  Criteria,   Percent  saturation 
gives  a  better  indication  of  organic  pollution  as  saturation  of  dissolved 
oxygen  varies  with  water  temperature  and  barometric  pressure.   Barometric 
pressure  varies  with  elevation  and  weather  conditions.   At  sea  level  dis- 
solved oxygen  saturation  ranges  from  l4,6  ppm  at  52°  F,  to  9,2  ppm  at  68°  F. 
At  constant  temperature,  saturation  is  decreased  approximately  l°/o   for  each 
270  foot  rise  in  the  elevation  above  sea  level.   For  example  saturation 
on  the  Beaverhead  River  near  Dillon  (elevation  5^00  feet)  at  68°  F,  would 
be  7„5  ppm  while  the  Missouri  River  near  Culbertson  (elevation  I9OO  feet) 
would  have  a  saturation  value  of  8.5  ppm  at  the  same  temperature.   In  this 
report  saturation  values  have  been  computed  using  temperature  and  elevation 
corrections  according  to  "Standard  Methods  for  the  Examination  of  Water, 
Sewage,  and  Industrial  Wastes",  lOth  Edition, 

Unfortunately,  of  any  of  the  chemical  results  determined,  dissolved 
oxygen  is  subject  to  the  greatest  daily  and  hourly  variation.  It  is  possi- 
ble to  have  greater  than  saturation  values  (super  saturation)  during  day- 
light hours  and  a  large  decrease  from  saturation  during  the  night  at  the 
same  station.   This  phenomenon  is  mainly  the  result  of  active  photosynthesis 
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"by  aquatic  plants.,  particularly  algae,   I'hese  plants  during  the  day  give 
off  oxygen  as  a  by-product  and  during  the  night  use  oxygeno   Normally,  the 
heavier  the  organic  pollution  load,  the  greater  the  number  of  aquatic  plants, 
and,  therefore,  the  greater  the  variation  of  dissolved  oxygen  in  the  stream. 
Since  the  survey  work  was  usually  conducted  during  daylight  hours,  the  dis- 
solved oxygen  values  are  probably  close  to  the  maximum  for  that  day. 

Dissolved  oxygen  sampling  over  a  2k  hour  period  was  conducted  below 
Bozeman  on  Bozeman  Creek  (Table  5)  and  the  East  Gallatin  River  (Tables  6 
and  7) I  below  Great  Palls  on  the  Missouri  River  at  Rainbow  Dam  (Table  8), 
at  Port  Benton  (Table  9),  and  at  Virgelle  (Table  10)|  below  Lewistown  on 
Big  Spring  Greek  (Table  ll)  and  on  the  Judith  River  (Table  12) »  At  these 
stations  it  was  indicated  that  dissolved  oxygen  might  be  critical  in  the 
support  of  a  game  fish  populationo 

There  were  only  two  sampling  stations  that  indicated  dissolved  oxygen 
below  5  ppnij  the  East  Gallatin  River  below  the  City  of  Bozeman  sewage  treat- 
ment plant  discharge  (Station  #56)  and  Whitetail  Creek  below  the  Town  of 
Whitehall  sewage  discharge  (Station  #22)o   l^Jhitehall '  s  sewage  treatment 
facilities  will  be  constructed  during  I96O  which  should  eliminate  the  low 
oxygen  conditions  on  i^ftiitetail  Creeko   The  City  of  Bozeman  sewage  treat- 
ment plant  has  chlorination  facilities  which  are  not  presently  usedo   Addi- 
tion of  chlorine  to  the  Bozeman  sewage  treatment  effluent  should  decrease 
the  organic  load  placed  on  the  East  Gallatin  River  a  small  amounto   A  much 
greater  reduction  of  loading  on  the  East  Gallatin  RiA^er  would  be  obtained 
by  the  proper  treatment  of  wastes  from  the  Vollmer  Slaughterhouse  located 
a  short  distance  above  the  sewage  treatment  plant.   An  inspection  was  made 
by  a  State  Board  of  Health  engineer  at  this  plant  during  December,  1959  and 
treatment  procedures  were  recommended  to  the  owners. 


Prom  data  in  the  State  Board  of  Health  files,  another  known  zone  of 
low  dissolved  oxygen  during  part  of  the  summer  months  is  Prickly  Pear 
Creek  below  the  City  of  Helena  sewage  outfall.   The  Helena  sewage  treatment 
plant  should  be  placed  into  operation  during  I96O  which  should  help  to  elim- 
inate the  nuisance  conditions  in  Prickly  Pear  Creek, 

Alkalinity,  Hardness  g  Chlorides.,  Sulfates ;  and  pH 

The  chemical  information  given  by  the  survey  results  for  alkalinity, 
hardness 9  chlorides,  sulfates,  and  pH  may  have  little  pollution  control 
value  except  for  industrial  wastes,  but  is  of  much  interest  to  direct  users 
of  the  waters.   An  industry  dependent  upon  water  from  a  surface  supply 
must  know  its  chemical  constituents  as  must  a  municipality  taking  the  water 
for  its  water  supply,   Pisheries  workers  use  chemical  data  in  comparting 
streams  in  their  relationship  in  supporting  of  fish  life.   The  chemical 
data,  although  not  a  complete  analysis,  is  of  value  to  these  people. 

Prom  Appendix  B  it  can  be  noted  that  there  are  a  considerable  number 
of  pH  (hydrogen  ion  concentration)  results  indicating  a  pH  of  greater  than 
8,5  and  the  results  range  from  7°1  on  Prickley  Pear  Greek  (Station  ^7)  and 
Carpenter  Creek  (Stations  65  and  67)  to  a  high  of  9»0  on  Alder  Creek  (Sta- 
tion 13)5  Cut  Bank  Creek  (Station  79)  and  Big  Muddy  Creek  (station  1^5) » 
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The  Water  Pollution  Council  has  accepted  a  pH  range  of  6,5  to  8c 5  for 
Class  A5  B,  C  and  D  waters,  that  is,  waters  used  as  a  source  for  domestic 
supplies,  recreation,  and  fish  and  game.   On  the  Missouri  River  drainage 
pollution  is  not  indicated  as  the  cause  of  pH  values  above  8,5«   The  actual 
damage  to  a  stream  "by  a  pH  higher  than  8,5  is  not  known,  hut  there  are 
some  reports  in  the  literature  that  game  fish  may  be  restricted.   This  is 
particularly  true  in  instances  where  there  is  a  rapid  change  to  the  higher 
pH,  such  as,  a  sudden  large  discharge  by  an  industry  of  an  alkaline  waste. 

Chlorides  will  indicate  sewage  pollution  if  the  ratio   of  sewage  to 
dilution  water  is  high,  as  there  is  a  high  concentration  of  chlorides  in 
sewage.   Normally^  the  small  increase  in  chlorides  in  a  stream  after  sewage 
is  discharged  in  itself  is  not  harmful  to  the  stream.   Conventional  sewage 
treatment  does  not  decrease  the  chloride  content.   An  increase  in  chlorides 
can  be  readily  noted  in  Whitetail  Creek  below  Whitehall,   This  would  indicate 
very  little  dilution  water  for  the  sewage.   Chlorides  may  also  indicate 
pollution  from  oil  fields  as  water  with  a  high  chloride  content  is  some- 
times pumped  from  an  oil  well  along  with  the  oil.   Several  years  ago  the 
Poplar  River  received  high  chloride  wastes  from  nearby  oil  fields.   This 
pollution  has  since  ceased  and  the  wastes  are  now  either  evaporated  or  in- 
jected into  deep  wells  that  are  no  longer  used  for  oil  production. 

Of  course,  there  are  other  industries  that  might  discharge  large  con- 
centrations of  chlorides  as  well  as  large  concentrations  of  sulfates,  alka- 
linity, hardness,  etc.   However,  in  the  Missouri  River  Drainage  Basin  there 
does  not  appear  to  be  any  significant  increase  of  any  of  these  chemical 
constituents  from  industrial  discharges  and  these  chemical  results  are  pro- 
bably of  interest  only  to  the  fisheries  workers,  industries,  municipalities, 
etc.  and  they  will  not  be  discussed  further  in  this  report  because  of  their 
doubtful  pollutional  significance. 

The  chloride  analysis  was  done  by  the  Mohr  method,  sulfates  by  the 
Tetrahydroxyquinone  indicator  method,  hardness  by  the  Versenate  method, 
and  alkalinity  by  the  brom-cresol  green-methyl  red  indicator  method. 

Copper,  Iron,  Lead,  Zinc,  and  Arsenic 

Copper,  iron,  lead,  zinc,  and  arsenic  analyses  were  completed  on  sam- 
ples from  Carpenter  Creek  (Stations  #Gk   and  67)  and  Snow  Creek  (Station 
#66)  in  the  vicinity  of  Neihart,   This  is  an  area  of  former  and  possible 
future  mining  and  milling  activity  and  it  was  desired  to  learn  the  present 
effects  on  the  stream  from  old  tailings  ponds.   The  concentration  of  iron 
and  zinc  in  Carpenter  Creek  and  zinc  in  Snow  Creek  might  possibly  restrict 
some  varieties  of  fish  life.   These  analyses  were  made  in  the  State  Board 
of  Health  chemical  laboratory. 

Temperature 

Stream  temperature  data  is  provided  as  this  information  is  needed  to 
calculate  dissolved  oxygen  saturation  values.  Temperature  is  also  impor- 
tant to  stream  fisheries  workers.  Water  temperatures  were  observed  using 
a  Taylor  pocket  thermometer. 
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Turbidity 

The  turbidity  of  water  is  attributable  to  suspended  and  colloidal 
matter,  the  effect  of  which  reduces  clearness  and  the  penetration  of  light. 
The  turbidity  of  the  water  sample  is  a  measure  of  the  extent  to  which  the 
intensity  of  light  penetration  is  reduced  by  suspended  or  colloidal  matter. 
The  standard  unit  of  turbidity  is  considered  as  that  produced  by  one  part 
per  million  of  silcia  in  distilled  water.   High  stream  turbidities  can  be 
produced  by  natural  runoff,  improper  irrigation  practices  and  overgrazing, 
aquatic  life  such  as  algae,  gravel  washing  operations,  milling  operations, 
etc.   The  important  game  fish  species  in  Montana,  such  as  trout,  salmon, 
whitefish,  and  bass  require  clean  water  and  increasingly  turbid  water  re- 
duces the  numbers  of  these  fish  if  the  turbidity  is  of  permanent  nature. 
Other  fish  species,  such  as  sheepshead,  catfish  and  carp  seem  to  thrive 
in  turbid  waters.   The  bottom  food  organisms  for  the  fish  can  also  be  re- 
duced by  a  layer  of  sediment  on  the  stream  bottom.   The  high  turbidity  at 
Station  #^7  on  Prickly  Pear  Creek  is  a  good  example  of  industrial  pollu- 
tion.  At  the  time  of  the  stream  survey  a  gold  dredge  was  operating  be- 
tween Stations  #46  and  #4?  with  small  settling  ponds  preceding  Station  #^7, 
The  gold  dredge  has  since  ceased  operation  and  the  stream  has  apparently 
returned  to  normal. 

Turbidities  except  where  indicated  in  Appendix  B  were  determined  in 
the  field  with  a  U,  S,  Geological  Survey  model  turbidity  tape.   On  a  small 
number  of  samT)les,  turbidities  were  determined  in  the  State  Board  of  Health 
Chemical  Laboratory  with  a  Model  B  Beckman  Spectrophotometer  calibrated 
using  a  Jackson  Candle, 

Stream  Flow  Data 

Stream  flow  measurements  were  obtained  from  IJSGS  gaging  stations  on 
the  main  stem  of  the  Missouri  River,  Big  Hole  River,  Jefferson  River, 
Gallatin  River,  East  Gallatin  River,  Marias  River,  Musselshell  River  and 
Milk  River,   At  stations  where  IJSGS  flows  were  not  available,  stream  flows 
were  determined  by  the  field  crew  with  a  current  meter  supplied  by  the 
USGS,   In  some  instances  in  Appendix  B  stream  flows  are  shown  as  estimated. 
In  these  cases  the  flows  were  estimated  from  USGS  gaging  stations  or  from 
flows  measured  by  the  survey  crew  at  some  distance  from  the  station. 

Critical  conditions,  as  far  as  pollution  is  concerned,  normally  occurs 
during  low  flows.  Table  k  lists  hydrologic  data  obtained  from  USGs'  litera- 
ture at  various  gaging  stations  throughout  the  Missouri  Basin  in  Montana, 
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TABLE  k 

Hydrological  Data  (Tabulated  from  data  provided  in  USGS  Water-Supply  Paper  I509,  I957  Part  6-A) 

Approximate                  Average  Discharge                  Extremes 
Stream  Mileage    Period  of      for  Period  of     Maximum    Date     Minimum     Date 
River  &  Station  Index  Record       Record.   cfs         cfs  cfs 

Beaverhead  River      2^6^A-81        1955-1957  397  5,150    6=-12-H        7,0     5-25=4o 

at  Blaine 

Big  Hole  River        2^6^A-89         1924=1957         1,129  l4,100    6-3-k&  kS  8-I7-5I 

near  Melrose 

'iftiitetail  Creek     2464A-40=13       19^9-1955  126    5-18-51       0,8    11-15-51 

near  Whitehall  1955-1957 

^   Jefferson  River       2^64.4-18        I896-I905         2,151  21,000    6-25-99      15^      8-12-40 

^  near  Sappington  1958-1957 

Madison  River         2464,4=50        1958=1957         1,612  7,750    6-2-45      409      4-27=4l 

near  McAllister 

*East  Gallatin  River    2464-10-51        1959-1959  86  1,240    6-4-53   "     12      :  12-9-44 

near  Bozeman  3_24-55 

Bridger  Greek        2464-10-30,5-5     1946-1957  34  902    6-5-55        0.9     5_25w55 

near  Bozeman 

Gallatin  River      ■•;     2464-5        1895-1898  949  7,870    6-5-48       I50       7-19-59 

near  Logan  I902-I905 

1928-1952 

1954-1957 

Missouri  River  2436  '         1941-1957         5,o49  32,000    6-6-48       562      4-50=.4l 

at  Toston 

Prickly  Pear  Creek    2572,5-25        i<)l^^^i^^^  1^.^  536    6-5-48        2,5     2-4-55 

near  Clancy  1954-1957 

lEstimated  using  USGS  mileage  index 
*Data  obtained  from  Helena  USGS  Office 


Table  k,    Continued 


River  &  Station 

Approximate 
Stream  Mileage 
Index^ 

Period  of 
Record 

Average  Discharge 
for  Period  of 
Record.   cfs 

Maximum 
cfs 

Ext 
Date 

remes 
Minimum 
cfs 

Date 

Missouri  River 
below  Holter  Dam 

2  3if0 

19^5-1957 

5,182 

34,800 

6-8-48 

830 

5-22-55 

bun  River  near 
Vaughn 

2252o2-12 

195^-1957 

712 

17,900 

6-4-53 

21 

5-10-41 

Missouri  River 
near  Great  Palls 

2235 

1956-1957 

18,700 

6-11-57 

2.470 

12-5-56 

Belt  Greek 

near  Monarch 
1 

225^,2-25 

1951-1957 

152 

11,000 

6-4-53 

2 

1-3-57 

[V) 

^   Missouri  River 
at  Fort  Benton 

2202o9 

1890=1957 

7,613 

140,000 

6-6-08 

627 

7-5-36 

Gut  Bank  Greek 
at  Gut  Bank 

2181-201 

1951-1957 

235 

5 

12-28-54 

Marias  River 
near  Shelby 

2181=168 

1902=1908 
1911-1957 

950 

40,000 

6-18-48 

10 

8-20-19 

Teton  River 

2181-1,-5-50 

195^-1957 

1,100 

5-23-57 

20 

1-24-57 

near  Button 

Big  Spring  Creek 

211^^7-55=22 

1932-1957 

107 

250 

5-30-53 

76 

2-1-38 

near  Lewis town 

Musselshell  River 
near  Harlowton 

.  199^^7-281 

19-7-1957 

149 

4,530 

6-24-38 

0 

Several 
Dates 

Musselshell  River 
near  Roundup 

199^0 7-172 

1931-1932 
19^5-1957 

184 

4,790 

6-19-48 

0 

Several 
Dates 

Estimated  using  USGS  mileage  index 


I 
as 


Table  4,  Continued 


Approximate  Average  Discharge  Extremes 

Stream  Mileage    Period  of      for  Period  of     Maximum    Date     Minimum     Date 


River  &  Station    "      Index^         Record  Records   cfs cfs  cfs 


Estimated  using  tjsgS  mileage  index 
1 


Musselshell  River     199^.1-60  1929=1932  228  18,000    6-18-44       0  '     Several 

at  Moshy        ■      :  193Z^_1957  j^^^gg 

Missouri  River  1864  1945-1957         9,86l 

below  Port  Peck 

Milk  River  1857.4-26       1939-1957  750         45,300   4-18-52      4.6    4-18-46 

at  Nashua 

Poplar  River  1775o8-8         1948-1957     ■      175  37,400    4-6-54        0      Several 

near  Poplar  Dates 


TABLE  5 

iozeman  Creek  belov  Bozeman 

Station  No.  33 
August  19  and  20,  19 59 


MPN  Coli- 

Dissolv 

ed 

form  bac- 

Flow 

Temperature 

Dissolved 

Oxygen 

io 

B.O.Do 

teria  per 

Time 

cfs 

Decrees  F. 

Oxygen  ppm. 

S  at  ur  at 

ion 

ppm 

100  ml. 

7  A„M. 

51 

8.4 

89 

2.2 

2,300,000 

10  A.M. 

54 

8.8 

97 

6.4 

11  A.M. 

4,300,000 

1  P.M. 

57 

8.8 

100 

9.4 

3  P.M. 

2,300,000 

^  P.M. 

60 

8.2 

97 

8.0 

7  P.M. 

57 

6.2 

70 

4.2 

450,000 

10  P.M. 

57 

6.4 

73 

7.0 

11  P.M. 

930,000 

1  AoM. 

54 

7.2 

79 

5.0 

3  A.M. 

75,000 

^  A.M. 

52 

7.6 

81 

3.4 

7  A.M. 

51 

8.0 

85 

3.4 

150,000 

1 


M"o  flow  data  available 


TABLE  6 


East  Gallatin  River  Below  Bozeman 


Station  N"o. 

36 

July  7,  1959 

MPN  Con- 

Dissolved 

form  bac- 

Flow 

Temperature 

Dissolved 

Oxygen  fo 

B.O.D. 

teria  per 

Time 

cfs 

Degrees  F. 

Oxygen  ppm. 

Saturation 

ppm 

100  ml. 

7  A.M. 

51 

7.8 

83 

1.8 

0  A.M. 

52 

8.0 

85 

k.2 

1  P.M. 

51 

7.6 

80 

4.3 

k   P.M. 

50 

6.8 

71 

8.1 

7  P.M. 

48 

7.8 

80 

7.7 

NOTE:   This  survey  was  halted  due  to  an  erratic  rise  in  water  level  caused  by 

heavy  rain.   Due  to  the  relatively  high  B.O.D. ,  it  was  re-run  on  August  19, 


1 


No  flow  data  available 
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TABLE  7 

East  Gallatin  River  Below  Bozeman 

Station  No,  56 
August  19  and  20,  19  59 


MPF   Con- 

Dissolved 

form  bac- 

Plow 

Temperature 

Dissolved 

Oxygen 

fo 

BoO.D, 

teria 

Time 

cfs^ 

Degrees   P. 

Oxygen   ppm. 

Saturat 

ion 

ppm. 

100  ml. 

7:50 

A.M. 

54 

6.8 

75 

4.0 

25,000,000 

10':' 50 

A.M. 

58 

8.2 

95 

4.6 

11:50 

A.M. 

4,300,000 

1:50 

P.M. 

61 

,        7.0 

85 

12.0 

5:50 

P.M. 

4,300,000 

^:50 

P.M. 

61 

lA 

88 

6.7 

7:30 

P.M. 

59 

5.4 

62 

5.6 

''   930,000 

10:50 

P.M. 

55 

4.8 

53 

6.4 

11:50 

P.M. 

930,000 

1:50 

A.M. 

56 

5.2 

58 

5.6 

3:50 

A.M. 

93O5OOO 

^:50 

A.M. 

55 

6.0 

65 

'+.8 

7:50 

A.M. 

54 

7.0 

77 

3.6 

930,000 

^Flow  at  USGS  gaging  station  on  East  Gallatin  River  above  Bridger  Creek  averaged 
48  cfs  during  this  survey.   The  gaging  station  is  located  above  Bridger  Creek 
and  the  flow  at  Station  No.  36  would  be  gre^ater. 

.■•S'ABLE  8 

Missouri  River  at  Rainbow  Dam 

Station  No,  6I 
August  4  and  5,  I959 


MPN   Con- 

Dissolv 

ed 

:.l 

form  bac- 

Flow 

Temperature 

Dissolved 

Oxygen 

i 

B.O.D. 

teria 

Time 

cfs 

Degrees    F. 

Oxygen   ppm. 

Saturat 

ion 

ppm. 

100   ml. 

7   A.M. 

4,570 

63 

6.6 

75 

2.9 

9,500 

10   A.M. 

4,450 

64 

7.2 

85 

2.5 

25,000 

1   P.M. 

4,450 

65 

7.8 

91 

2.9 

2,500 

4   P.M. 

4,450 

65 

9.0 

106 

2.7 

4,300 

7   P.M. 

5,290 

6B 

9-4 

115 

2.7    ■ 

4,300 

10   P.M. 

4,570 

64 

9.0 

105 

2.4 

2,500 

1   A.M. 

4,570 

65 

7.6 

87 

3.2 

23,000 

4   A.M. 

4,570 

62 

7,0 

79 

2.6 

23,000 

7   A.M. 

4,570 

63 

7,0 

80 

2.9 

15,000 

■28- 


TABLE  9 

Missouri 

Above  Po 

rt 

Benton 

St 

ation  Wo. 

73 

July 

27 

,  28,  and 

29 

,  1959 
Dissolved 

MPN  Cbli- 
form  bac- 

Flow 

Temperature 

D 

issolved 

Oxygen  'fo 

B.O.D. 

teria  per 

Time 

cfs 

Dei^rees 

P. 

Oxygen  ppm 

- 

Saturation 

ppm. 

100  ml. 

6  P.M. 

8,500 

64 

8.8 

100 

1.6 

9,300 

9  P.M. 

5,180 

63 

8.4 

95 

0,6 

4,300 

12  M 

3,3^0 

62 

7.0 

78 

1.7 

2,500 

5  A. Mo 

5,390 

60 

6.4 

■-    70 

1.4 

1,500 

6  A.M. 

5,2^40 

63 

7.4 

84 

1.1 

2,500 

9  A.M, 

2,750 

64 

8.6 

100 

1.0 

2,500 

12  F 

1,850 

65 

8.4 

97 

1.5 

230 

5  P.M. 

1,810 

65 

8.6 

100 

2,7 

430 

6  P.M. 

8,260 

68 

8.6 

105 

1.6 

4,300 

9  P.M. 

k ,  940 

64 

8.0 

92 

2.1 

930 

12  M 

3,270 

63 

7.6 

85 

1.2 

2,300 

3  A.M. 

4,760 

62 

7.4 

83 

1.7 

2,500 

6  A.M. 

5,540 

63 

7.4 
TA^LE  10 

85 

2.1 

2,100 

yiissouri 

River  at 

Virgelle 

Station  No. 

90_ 

August 

11  and  12 

,  - 

L959 

MPN  Coli- 

Dissolved 

form  bac- 

Plow 

Temperature 

Dissolved 

Oxygen  fo 

B.O.D. 

teria  per 

Time 

cfs 

Degrees 

P. 

Oxygen  ppm. 

Saturation 

ppm. 

100  ml. 

6  A.M. 

7,690 

65 

7.6 

88 

1,7 

390 

9  A.M. 

6,480 

6€ 

8.2 

95 

1.6 

930 

12  N 

5,b4o 

es. 

9.6 

116 

1.6 

430 

3  P.M. 

6,480 

71 

9.6 

119 

1.8 

150 

6  P.M. 

6,480 

70 

9.4 

114 

2.2 

93 

9  P.M. 

5,240 

67 

8.6 

102 

1.6 

150 

12  M 

4,380 

66 

8.2 

95 

1.6 

390 

3  A.M. 

5,120 

65 

7.7 

90 

1.6 

230 

6  A.M. 

7,130 

63 

8.0 
-29- 

90 

1,4 

430 

8 

A.M. 

11 

A.M. 

2 

P.M. 

5 

P.M. 

8 

P.M. 

11 

P.M. 

2 

A.M. 

5 

A.M. 

8 

A.M. 

TABLE  11 

Big  Spring  Creek  ATjove  the  Judith  Biver 

Station  No.  99 
June  2  3  and  2k,    19 59 


MPF  Coli- 

Dissolv 

ed 

form  bac- 

Plow 

Temperature 

Dissolved 

Oxygen 

% 

B.O.D, 

teria  per 

Time 

cfs 

Degrees 

F. 

Oxygen  ppm. 

Saturat 

ion 

ppm. 

100  ml. 

8  A.M. 

60 

7.6 

85 

2,0 

11  A.M. 

62 

8.6 

98 

1.4 

2  P.M. 

66 

9.0 

108 

1.5 

5  P.M. 

25^ 

67 

7.7 

94 

1-5 

8  P.M. 

66 

9.2 

110 

1.1 

11  P.M. 

65 

7.3 

87 

3.4 

2  A.M. 

64 

7.5 

88 

1.0 

5  A.M. 

62 

7.3 

84 

1.0 

8  A.M. 

60 

7.9 

87 

1.0 

4,300 

TABLE  12 

Judith  River  Below  Big  Spring  Creek 

Station  No.  100 
June  23  and  24,  19 59 

MPN  Coli- 

Dissolved  'foinm  bae- 

Flow    Temperature   Dissolved     Oxygen  fo  B.O.D.     teria  per 

liSl    2ll            Degrees  F.    Oxygen  ppm.    Saturation  ppm.      100  ml. 

60          6.0         67   .  1.3 

667      -  62          8.6         97  1.3 

66  7.3         89  1.2 

67  7.3           90  0.8 
64          7.1         83  1.0 

■'        66                        7.3         88  2.3 

64          6.9         80  1.1 

62             7.7            88  1.0 

62         7.9        90  1.0     750 
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BACTERIOLOGICAL  PROCEDURES  AND  RESULTS  ' 

The  measuring  stick  used  for  determining  the  pathogenic  safety  of  a 
water  is  the  bacteriological  analysis.   Water  samples  were  collected  by  the 
stream  pollution,  survey  team  in  sterile  bottles  and  returned  to  the  State 
Board  of  Health  Bacteriological  Laboratory  for  determination  of  the  most 
probable  number  (MPN)  of  coliform  organisms o   The  coliform  organism  is 
present  in  the  intestional  tract  of  man  and  other  warm  blood  animals  in 
large  concentrations  and  its  presence  in  water  is  evidence  of  fecal  con- 
tamination. 

The  coliform  bacteria  themselves  are  harmless,  but  the  minute  number 
of  disease  organisms  in  a  water  make  their  isolation  unreliable  if  not 
impossible„   It  is^  therefore,  necessary  to  test  for  organisms  associated 
with  disease  producers  that  are  present  in  polluted  waters  in  large  numbers, 
For  this  reason  the  coliform  bacteria  has  been  selected  as  the  indicator 
of  pollution  in  standard  water  testso 

Maximum  allowable  MPN  values  have  been  set  by  the  Montana  Water  Pol- 
lution Council  for  the  various  stream  classifications  and  are  shown  in 
Appendix  E„ 

In  the  Missouri  Basin  there  are  seven  municipal  supplies  using  Class 
B  waters,  but  are  using  treatment  as  if  they  were  Class  Ao   They  are  Boze- 
man  (Bozeman  and  Hyalite  Creek  supplies) 5  Butte  (Big  Hole  River  supply ) , 
Brady,  Conrad  (Lake  Francis  supply),  Culbertson,,  1 :.  East  Helena  and  Helena 
(Ten  Mile  Creek  Supply),   The  areas  above  these  supplies  are  subject  to 
contamination.   This  is  true  particularly  of  Gulbertson  which  takes  its 
water  from  the  Missouri  River  and  municipal  sewage  discharges  enter  the 
river  above  their  water  intake  from  such  cities  as  Poplar, 

Extensive  sampling  has  been  done  at  Fort  Benton  and  the  results  of 
one  2k   hour  sampling  period  are  shown  in  Table  11,   The  MPN  results  vary 
from  230  to  9»500,   In  69^  of  the  samples  the  MPN  has  exceeded  the  2,000 
MPN  limit  set  by  the  Water  Pollution  Council  for  a  Class  B  water  supply. 
Routine  samples  have  shovm  results  as  high  as  28,000,   The  high  MPN  count 
is  mainly  due  to  the  City  of  Great  Falls  sewage  discharges.   This  condi- 
tion should  be  eliminated  during  late  i960  when  the  Great  Falls  sewage  treat- 
ment plant  is  placed  into  operation. 

The  communities  of  Chinook,  Harlem,  and  Port  Belknap  take  water  from 
the  Milk  River  for  their  domestic  water  supplies.   The  Milk  River  at  their 
water  intakes  exceeds  the  limits  for  a  Class  B  water  supply.   The  City  of 
Havre  sewage  treatment  plant  appears  to  be  improperly  chlorinating  the 
sewage  effluent. 

The  MPN  also  exceeds  the  limits  set  for  a  Class  C  water  at  the  fol- 
lowing stations; 

Station  9,  Beaverhead  River  below  Dillon,   The  reason  for  the  relative- 
ly high  MPN  figure  is  not  known.   The  City  of  Dillon  has  a  sewage  lagoon 
which  should  reduce  the  MPN  value  of  the  lagoon  effluent  to  a  figure 
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approximately  equal  to  that  found  in  the  river  itself  during  the  summer. 
It  is  possihle  that  there  are  individual  sewer  lines  discharging  in  the 
vicinity  of  the  sampling  station.   This  result  should  be  further  checked 
and  additional  samples  taken. 

Station  16,    Beaverhead  River  above  Twin  Bridges.   The  high  result 
during  1959  was  probably  due  to  individual  sewage  discharges  and/or 
cattle,   A  sample  taken  during  1958  was  acceptable  for  a  Class  C  water. 

Station  1?  and  18,  Beaverhead  River  below  Twin  Bridges  Children's 
Home  and  Town  of  Twin  Bridges.   High  results  are  presumed  to  be  due  to  sew- 
age discharges.   Since  the  time  of  the  sample,  the  State  Children's  Home  at 
Twin  Bridges  has  placed  into  operation  a  sewage  lagoon  system.   However, 
the  Town  of  Twin  Bridges  has  some  private  sewers  discharging  into  the  river. 
The  town  defeated  a  bond  proposal  during  I96O  for  a  complete  sewer  system 
and  sewage  treatment  facilities. 

Station  22,  Whitetail  Creek  below  Whitehall,   Sewage  treatment  faci- 
lities are  scheduled  to  be  constructed  during  I96O  to  eliminate  the  high 
MPN  value  at  this  station. 

Station  25,  Jefferson  River  above  Three  Forks,   The  MPN  value  although 
not  greatly  exceeding  the  Glass  B  water  limits,  is  probably  due  to  ^ftiite- 
hall  sewage. 

Station  26.   Jefferson  River  below  Three  Forks,   Sewage  treatment 
facilities  will  be  constructed  by  the  City  of  Three  Porks  during  I96O  or 
1961  which  should  eliminate  the  high  value. 

Station  30.   East  Gallatin  River  above  Bozeman.   Several  individual 
sewers  probably  enter  the  river  in  this  area.   This  should  be  investigated 
further.   Local  action  is  probably  needed. 

Station  32.   Bozeman  Creek  above  Bozeman.   It  is  possible  that  indi- 
vidual sewer..;  discharges  enter  the  creek  in  this  area.   Further  investigation 
is  needed. 

Station  33-   Bozeman  Greek  below  Bozeman.   One  of  the  Bozeman  city 
sewers  crossing  Bozeman  Creek  was  found  by  the  stream  survey  crew  to  be 
broken  and  has  since  been  repaired.   Several  individual  sewers  are  known  to 
discharge  to  Bozeman  Creek  above  this  station.   Twenty-four  hour  sampling 
was  done  at  this  station.   (See  Table  5)<' 

Station  3^.   East  Gallatin  River  below  Bozeman  Creek  and  above  Boze- 
man sewage  treatment  plant  effluent.   Part  of  contamination  is  due  to  sew- 
age received  by  Bozeman  Creek.   Also  the  Vollmer  Slaughterhouse  wastes  enter 
above  this  station  along  with  individual  sewer  discharges. 

Station  35«   Bridger  Creek,   Several  individual  sewers  probably  dis- 
charge above  this  point. 

Stations  36,  37  and  38.   East  Gallatin  River  below  Bozeman,   Main  sew- 
age discharge  is  treatment  plant  effluent  from  the  City  of  Bozeman.   Sewage 
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effluent  is  not  presently  chlorinated,  but  facilities  are  available  for 
chlorination,   A  twenty-four  hour  sampling  schedule  was  carried  out  at 
Station  36,   (See  tables  6  and  7). 

Station  ^0=   Gallatin  River  near  Logano   This  station  is  below  the 
Town  of  Manhattan  sewage  disGharge„   Manhattan  has  had  a  successful  elec- 
tion for  sewage  treatment  facilities  and  construction  should  begin  during 
i960  or  I96I0  ... 

Station  ^1,  Missouri  River  above  Trident.-,  This  station  is  near  the 
head  of  the  Missouri  River,  The  City  of  Three  Forks  discharges  sewage  to 
the  Jefferson  River  a  short  distance  above  this  station. 

Station  ^2,   Missouri  River  below  Trident.   This  station  is  located 
a  short  distance  below  the  Trident  sewage  discharge.   The  community  of 
Trident  needs  more  effective  treatment  of  its  sewage. 

Another  known  location  of  high  MPN  values  is  on  Ten  Mile  Creek  and 
Prickly  Pear  Creek  below  the  City  of  Helena  sewage  discharges.   Values  • 
ranged  between  68,000  and  1,265^000  on  Ten  Mile  Creek  and  between  68^000 
and  22JOOO5OOO  on  Prickly  Pear  Creek  on  samples  taken  during  the  spring 
of  1958,   After  the  Helena  sewage  treatment  plant  is  placed  into  operation 
in  I96O5  all  the  treated  sewage  will  be  discharged  to  Prickly  Pear  Greek 
and  the  outfall  to  Ten  Mile  Creek  will  be  eliminated. 

Station  6I,   Missouri  River  at  Rainbow  Dam  Porebay,   This  station  is 
below  the  City  of  Great  Falls  sewer  outfall  lines.   Treatment  facilities 
should  be  placed  into  operation  during  late  I96O,   Twenty-four  hour  samp- 
ling was  done  at  this  station,   (See  Table  8), 

Station  75,   Missouri  River  above  Fort  Benton,   This  station  is  appro- 
ximately ^0  miles  below  the  City  of  Great  Palls,   Twenty-four  hour  samp- 
ling was  done  at  this  station,   (See  Table  9), 

Station  90,   Missouri  River  at  Virgelle,   Although  this  station  is 
over  80  miles  below  Great  Palls  and  ^0  miles  below  Fort  Benton,  the  effects 
of  the  municipal  sewage  discharges  can  still  be  noted,   (See  Table  lO), 
Both  Great  Falls  and  Port  Benton  should  have  their  new  sewage  treatment 
facilities  in  operation  by  early  I96I, 

Station  95,  Judith  River  above  Big  Spring  Creek,  The  MPN  value  is 
probably  indicative  of  contamination  from  cattle,  etc.  Further  sampling 
is  needed  at  this  station. 

Stations  97j989  and  99,   Big  Spring  Creek  below  Lewistown,   Lewistown 
has  a  conventional  primary  treatment  plant  which  is  overloaded.   The  high 
MPN  value  indicates  the  need  of  rehabilitation  of  the  plant  and  use  of 
chlorination  facilities. 

Station  100,   Judith  River  below  Big  Spring  Creek,   This  sample  had 
a  lower  MPN  value  than  the  above  Big  Spring  Greek  Station  which  would  indi- 
cate an  error  in  the  sample  from  Station  95,   The  MPN  value  at  Station  100 
probably  is  due  to  the  Lewistown  sewage  discharge, 

-53™ 


stations  118  and  119,  Milk  River  below  Havreo   The  City  of  Havre  has 
a  conventional  primary  treatment  plant  with  chlorination  facilities,   ; 
Chlorine  is  used  as  a  disinfectant,  but  in  insufficient  amounts.   During 
i960  the  State  Board  of  Health  has  completed  further  tests  at  the  Havre 
sewage  treatment  plant  in  order  to  recommend  proper  chlorine  dosages. 

Stations  123  and  12^„   Milk  River  below  Chinook.   High  MPN  values  are 
probably  more  indicative  of  pollution  from  the  City  of  Havre  than  the  City 
of  Chinook,   Chinook  has  secondary  sewage  treatment  and  chlorinates  the 
sewage  effluent. 

Stations  125  and  126,   Milk  River  below  Harlem,   This  station  is  pro- 
bably again  indicative  of  pollution  mainly  from  the  City  of  Havre,   The 
Town  of  Harlem  has  a  poorly  maintained  secondary  sewage  treatment  plant, 
but  does  not  chlorinate  the  sewage  effluent. 

Station  128,   Milk  River  above  Malta,   There  is  probably  still  some 
contamination  at  this  point  from  sewage  discharges  from  Havre,  Chinook 
and  Harlem,   Dodson  now  has  a  sewer  system  and  an  effective  sewage  treat- 
ment plant. 

Station  I29,  Milk  River  below  Malta,  The  City  of  Malta  placed  into 
operation  their  sewage  lagoon  system  during  1959  which  will  eliminate  the 
high  MPN  value  reported  during  I958, 

Stations  135  and  I34,  Milk  River  below  Hinsdale,  The  Town  of  Hinsdale 
has  only  a  septic  tank  for  sewage  treatment.  Recommendations  have  been  made 
to  the  Town  for  additional  treatment  facilities. 

Stations  I35  and  I36,   Milk  River  below  Glasgow,   The  City  of  Glasgow 
placed  their  sewage  lagoon  facilities  into  operation  during  I96O  which  will 
reduce  the  high  MPN  values  obtained  during  1958, 

Station  I37.  Milk  River  below  Nashua,  The  sample  from  this  station 
indicates  the  present  septic  tank  is  ineffective  and  further  treatment  is 
needed  by  the  Town  of  Nashua, 

Station  1^0  and  l4l,   Missouri  River  below  Wolf  Point,   The  City  of 
Wolf  Point  placed  their  sewage  lagoon  into  operation  during  I959  which  will 
greatly  decrease  the  MPN  value  in  the  river. 

Station  l42.   Poplar  River  above  Poplar,   The  reason  for  the  high  MPN 
value  at  this  station  is  not  known. 

In  all  of  the  above  sampling  it  should  be  recognized  that  at  most 
stations,  only  single  grab  samples  were  taken  and  the  drawing  of  conclusions 
from  this  single  grab  sample   may  at  sometimes  be  misleading. 
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BIOLOGICAL  PROCEDURES  AND  RESULTS 

Aquatic  macro-invertebrates  have  for  some  time  been  a  recognized  method 
of  evaluating  organic  and  inorga.nic  pollutiono   The  term  "biological"  eval- 
uation would  in  a  true  sense  refer  to  an  evaluation  of  the  entire  biologi- 
cal complex  of  an  aquatic  environraento   Its  use  heroj  however,  is  restricted 
to  those  relatively  large  organisms  referred  to  as  macro-invertebrateSo 
These  organisms  are  all  members  of  the  animal  kingdom,  are  usually  found  on 
the  stream  bottom,  and  are  visible  and  possible  to  identify,  at  least  into 
broad  groups,  with  the  unaided  eye„   The  most  frequently  encountered  aquatic 
macro-invertebrates  are  the  larvae,  nymphs,  and  in  some'  cases  adults  of 
aquatic  insects „   Some  of  the  less  frequently  encountered  forms  are  the 
flatworms,  roundworms,  aquatic  earthworms,  snails,  leeches,  and  fresh-water 
shrimps  » 

In  this  study,  aquatic  macro-invertebrates  were  collected  with  a  four- 
square-foot samplero   This  equipment  consisted  of  a  square  metal  frame 
measuring  two  feet  on  each  side,  and  a  three-by-f our-foot  hand  screen  con- 
structed of  common  window  screen  (approximately  l4  meshes  to  the  inch) 
with  one  inch  dowel  ling  for  handles „   The  four-square-foot  frame  is  embedded 
in ^ the  stream  bottom  and  the  hand  screen  is  held  immediately  downstream  from 
this  frameo   The  stream  bottom  within  the  four-square-foot  frame  is  disturbed 
with  the  operator's  feet  which  dislodges  the  bottom-dwelling  organisms. 
The  stream  current  carries  the  organisms  onto  the  screen„   After  this,  the 
screen  is  carefully  removed  from  the  water,  carried  to  the  stream  bank,  and 
placed  on  a  white  sheet  of  oilcloth„   The  organisms  are  "picked"  from  the 
screen  (and  the  oilcloth  in  the  case  of  those  organisms  that  fall  through 
the  screen),  sorted  to  type,  counted,  and  placed  in  a  preservative  of  either 
70  percent  alcohol  or  5  percent  formalin  for  future  reference. 

Whenever  possible  samples  were  collected  in  a  riffle  area  of  the  stream 
being  sampled.   Ordinarily,  the  greatest  diversity  of  macro-invertebrates 
are  found  in  this  type  of  habitats 

Except  for  reconnaissance  samples  for  which  no  figures  are  listed,  at 
least  four  square  feet  of  stream  bottom  were  sampled  at  each  station. 

Aquatic  macro-invertebrates  lend  themselves  as  pollution  indicators 
because  of  the  presence  or  absence  of  certain  forms  in  polluted  aquatic 
environments.   The  presence  of  some  forms  and  the  absence  of  others  in  a 
TDolluted  environment  is  due  to  anatomical  structures  and  physiological 
differences  that  exist  between  the  various  tyraes.   Organic  pollution  such 
as  sewage  may  depress  the  available  dissolved  oxygen  supply  of  a  stream 
section,  cover  the  stream  bottom  with  settleable'  solids  ( sludge ) ,  or  may 
cause  the  growth  of  other  organisms  that  cover  the  stream  bottom.   This 
in  effect  creates  an  environment  suitable  only  for  those  organisms  capable 
of  existing  on  a  low  amount  of  dissolved  oxygen,  or  possessing  structures 
that  enable  them  to  obtain  oxygen  from  the  atmosohere.   In  many  cases  such 
organisms  must  also  be  capable  of  living  on  a  sludge  bottom.   Organic  riol- 
lution  enriches  the  aquatic  environment  and  as  a  result  a  great  amount  of 
food  is  available  for  those  organisms  able  to  withstand  low  dissolved 
oxygen  and  sewage  sludge.   Therefore,  such  organisms  multiply  rapidly  and 
are  usually  found  in  great  numbers.   Those  organisms  which  require  a  re- 
latively high  dissolved  oxygen  content  and  a  firm  stream  substrate  are  un~ - 
able  to  compete,  and  thus  their  numbers  are  either  greatly  reduced,  or  they 
are  absent  entirely, 
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Under  normal  "clean"  water  conditions  the  macro-invertebrate  popula- 
tion of  a  stream  will  consist  of  many  different  species,  but  only  a  few 
individuals  of  each  suecieso   Under  organically  polluted  conditions  the 
macro-invertebrate  population  will  consist  of  a  few  soecies,  but  a  great 
many  individuals  of  each  sisecies  loresent. 

Inorganic  pollution,  if  it  is  severe p  usually  has  a  lethal  effect 
upon  the  entire  macro-invertebrate  populationo   Where  gross  inorganic  pol- 
lution is  f oundj  the  stream  bottom  is  usually  devoid  of ' animal  life„   Or- 
ganic pollution  when  severe,  alters  the  species  composition  of  the  macro- 
invertebrate  population. 

Those  macro-invertebrates  that  can  withstand  gross  organic  pollution 
are  called  "insensitive  organisms"  --  that  is,  they  are  not  effected  by 
organic  pollutiono   Those  that  cannot  withstand  the  effect  of  organic  pol- 
lution are  called  "sensitive  organisms o" 

The  important  and  most  numeiPous  macro-invertebrates  collected  during 
this  survey  were  identified  to  Order,   Some  of  the  less  important  and  less 
numerous  forms  were  identified  to  Class „   One  form,  the  parasitic  round- 
worms, were  identified  only  to  Phylum,   Identification  was  made  in  the 
fieldc   Although  this  is  subject  to  some  error,  it  was  considered  accurate 
enough  for  a  survey  of  this  type. 

Those  macro-invertebrates  that  are  generally  considered  sensitive  to 
pollution  are  the  Ephemeroptera  (mayflies),  Plecoptera  ( stonef lies ) ,  Tri- 
choptera  ( caddisf lies ) ,  and  the  Odonata  (damsel  and  dragonflies) « 

Those  macro-invertebrates  generally  considered  insensitive  to  pollu- 
tion, include  the  Goleoptera  (beetles),  Oligochaeta  (aquatic  earthworms), 
Hirundea  (leeches).  Gastropoda  (snails,  at  the  least  the  pulmonate  types), 
Amphipoda  (side  swimmers),  Hemiptera  (true  bugs),  Turbellaria  (the  common 
fresh-water  flatworm),  Isopoda  (sow  bugs),  Nematoda  (roundworms)  and  the 
Arachina  (mites) o 

Representatives  of  all  of  these  groups  were  collected  in  the  Missouri 
River  Drainage  during  this  survey.   See  Appendix  C, 


This  breakdown  of  organisms  into  sensitive  and  insensitive  groups 
is  not  in  its  entirety  satisfactory.   It  is  well  known  that  some  species 
found  within  the  above  groups  are  not  representative  of  the  entire  group 
in  their  ability  to  withstand  or  not  to  withstand,  the  effects  of  organic 
pollution.   But,  specific  information  relative  to  the  degree  of  orj^.anic 
pollution  that  most  individual  species  can  withstand  is  lacking,  and  iden- 
tification to  the  species  level  is  both  costly  and  time-consuming. 

For  the  purpose  of  this  report  a  rather  simple  method  was  employed  in 
the  analysis  of  the  biological  data.   This  method,  generally  referred  to 
as  the  "Percent  Sensitive  Method",  consists  of  computing  the  percent  sen- 
sitive organisms  in  the  samples  at  any  given  Sampling  station.   Although 
commonly  used,  this  method  lends  itself  to  some  degree  of  error.   To  arbi- 
trarily choose  a  certain  percentage  as  the  dividing  line  between  polluted 
and  non-polluted  stations  could  be  misleading,  and  lead  to  false  conclusions 
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Therefore,  such  percentages  can  only  be  used  as  a  relative  index  to  pollution. 
However,  when  a  particular  sample  contained  less  than  50  percent  sensitive 
organisms,  it  was  considered  to  indicate  some  degree  of  pollutiono   In 
certain  instances  consideration  had  to  be  given  to  the  nature  of  the  stream 
hot  torn ^ where  the  sample  was  collected.   As  an  example,  very  little  of  the 
biological  data  collected  on  the  Missouri  River  and  its  tributaries  below 
Fort  Peck  Dam  can  be  evaluated  by  the  Percent  Sensitive  Methodo   The  streams 
in  this  area  have  a  shifting  sand  and  mud  bottom^  x^ater  is  slow  flowing, 
summer  water  temperatures  are  high,  and  suitable  habitat  for  bottom  dwelling 
organisms  virtually  lacking^   This  is  well  expressed  by  the  small  number 
of  organisms  taken  at  most  of  these  stations,  and  the  complete  absence  of 
many  groups  of  organisms „   In  only  3  of  the  33  sampling  stations  below 
Port  Peck  Dam  (See  Appendix  G,  Stations  11^  to  1^+6)  were  there  sufficient 
organisms  collected  to  be  worthy  of  consideration  as  pollution  indicatorso 

Appendix  C  lists  the  sample  station  numbers,  the  date  the  samples  were 
taken,  the  number  of  square  feet  of  stream  substrate  sampled,  and  the  number 
and  types  of  macro-invertebratescollected  at  each  stationo   The  number,  but 
not  the  type,  of  fish  collected  with  the  sampler  are  also  listed  in  this 
Appendix,   Pish  are  taken  incidental  to  macro-invertebrate  sampling  and  ' 
are  neither  considered  sensitive  or  insensitive  to  pollution  in  this  report. 

Appendix  C  shows  the  total  macro-invertebrates  collected  at  each  samp- 
ling station,  the  number  of  sensitive  macro-invertebrates  collected,  and  the 
percentage  of  sensitive  macro-invertebrates  for  each  station.   Also  listed 
are  the  average  number  of  macro-invertebrates  per  square  foot  of  stream 
bottom  sampled  at  each  station  during  this  survey, 

PIS  CUSS  low 

For  a  discussion  of  the  biological  results  the  Missouri  River  Drain- 
age in  Montana  is  divided  into  the  following  sub=.sections ;  (l)  Jefferson 
River  Drainage;  (2)  Madison  River  Drainage;  (3)  Gallatin  River  Drainage; 
and  [k)    Missouri  River  mainstem  and  tributaries  from  its  source  at  Trident, 
Montana  to  the  Montana-North  Dakota  Border, 

Except  for  the  Madison  River  Drainage  only  those  stations  considered 
polluted  are  discussed, 

(1)  Jefferson  River  Drainages   Twenty-six  stations  were  sampled  in 
the  Jefferson  River  Drainage.   Of  these  26  stations,  biological  samples 
indicate  that  seven  are  to  some  degree  polluted.   These  polluted  stations 
are  numbers  8,  9s  13?  16,  I9,  21,  and  22, 

Stations  8  and  9  are  located  on  the  Beaverhead  River  above  and  below 
the  City  of  Dillon,  Montana  respectively.   Biological  samples  collected 
at  these  stations  indicate  polluted  conditions.   No  explanation  can  be 
given  for  the  conditions  at  Station  8,   The  City  of  Dillon  has  had  a  sewage 
lagoon  in  operation  since  19559  indicating  that  the  polluted  condition  at 
Station  9  is  not  directly  from  this  city's  main  sewage  system. 

Station  I3  is  located  on  Alder  Greek  (tributary  to  the  Ruby  River) 
below  Nevada  City,   At  this  station  rather  severe  polluted  conditions  are 
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indicated  by  the  biological  sampleSo   Many  individual  septic  tanks  at 
Virginia  City -/  discharge  into  Daylight  Creek,  a  short  distance  before  it 
joins  Alder  Creek.   The  discharge  from  these  septic  tanks  doubtlessly  ac- 
counts for  the  low  number  of  sensitive  macro-invertebrates  found  at  this 
station. 

Biological  indicators  reveal  that  Station  16,    located  on  the  Beaver- 
head River  above  the  City  of  Twin  Bridges,  was  severely  polluted  during 
the  1958  sampling  period,  but  show  greatly  improved  conditions  during  the 
1959  sampling  period.   No  concrete  reason  can  be  given  for  this  change. 

Station  I9  is  located  on  the  Jefferson  River  approximately  one  mile 
below  the  confluence  of  the  Beaverhead  and  Big  Hole  Rivers.   Biological 
indicators  reveal  a  slight  degree  of  pollution  at  this  station.   A  specu- 
lation would  be  that  this  is  due  to  organic  pollution  carried  to  the  Jef- 
ferson River  by  the  Beaverhead  River. 

Stations  21  and  22  are  located  on  Iflaitetail  Greek  near  Whitehall, 
a  tributary  to  the  Jefferson  River.   Whitetail  Greek  receives  organic  pol- 
lution from  the  City  of  Whitehall.   Biological  samples  collected  during  the 
survey  at  these  two  stations  indicate  gross  pollution  of  \«/hitetail  Creek, 
This  is  particularly  apparent  at  Station  22.   Sewage  treatment  facilities 
are  presently  under  construction  at  the  City  of  Whitehall. 

(2)  Madison  River  Drainages   One  station.  Number  2?,  was  sampled  on 
the  Madison  River.   The  samples  collected  at  this  station  reveal  clean 
water  conditions.   It  should  be  mentioned  that  this  station  is  located 
only  two  miles  above  the  mouth  of  the  river. 

(3)  Gallatin  River  Drainages   Stations  28  through  ^+0  represent  the 
sampling  carried  out  in  the  Gallatin  River  drainage.   Three  of  these. 
Stations  30,  3k,    and  36,  were  sampled  during  both  I958  and  1959. 
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Only  two  stations  in  the  Gallatin  River  drainage^  Numbers  ^k    (l959) 
and  36  (1959),  appear  to  be  polluted.   Station  3^  is  located  on  the  East 
Gallatin  River  below  Bozeman  Creek  but  above  the  City  of  Bozeman  sewage 
outfall.   The  I958  sampling  at  this  station  revealed  slight  polluted  condi- 
tions, whereas  the  1959  sampling  revealed  gross  polluted  conditions.   Al- 
though this  station  is  located  above  the  City  of  Bozeman  sewage  outfall, 
it  is  located  below  the  effluent  of  the  Vollmer  Slaughterhouse. 

Samples  collected  at  Station  36,  like  Station  3^.  revealed  less  pol- 
luted conditions  in  I956  than  in  1959»  Station  36  is 'located  on  the  East 
Gallatin  River  approximately  one  mile  below  the  Bozeman  sewage  outfall. 

('+)    Missouri  River  Mainstem  and  Tributaries  from  Trident,  Montana 
l£  the  Montana-North  Dakota  Borders   Biological  samples  collected  in  the 
Missouri  River  and  tributaries  from  Trident,  Montana  to  Helena,  Montana 
reveal  clean  stream  conditions.   In  this  sampling  area  (Stations  kl    through 
^9)  high  numbers  of  sensitive  macro-invertebrates  were  collected. 

Evidence  of  organic  pollution  is  found  at  Stations  50  and  5I,  located 
on  Prickly  Pear  Creek.   This  is  particularly  so  at  Station  5I,  which  is 
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below  the  City  of  Helena.   Construction  of  a  sewage  treatment  plant  by  the 
City  of  Helena  is  now  in  progress. 

Samples  taken  at  Station  52  on  Seven  Mile  Creek  near  Fort  Harrison 
(Helena),  reveals  gross  polluted  conditions.   Seven  Mile  Creek  receives 
sewage  from  Fort  Harrison  below  this  station.   Irrigational  practices  above 
this  station  may  account  for  the  polluted  conditions  indicated. 

The  samples  collected  at  Station  53  on  the  Missouri  Riter  near  Craig, 
reveal  a  low  number  of  macro-invertebrates,   Holter  Reservoir  is  located 
immediately  above  this  sampling  station,  and  no  doubt  fluctuating  water 
levels,  because  of  the  reservoir,  are  responsible  for  the  low  number  of  or- 
ganisms collected  in  the  samples.   So  few-macro-invertebrates  were  taken 
at  this  station  that  percentage  determination  would  be  invalid. 

Sampling  at  Stations  %   and  57,  located  on  the  Smith  River  near  lAfhite 
Sulphur  Springs  indicate  polluted  conditions^   However,  since  these  sam- 
ples were  collecbed  sewage  treatment  facilities  have  been  placed  in  opera- 
tion at  l^ite  Sulphur  Springs, 

Sensitive  and  total  macro-invertebrate  numbers  are  again  low  for  the 
samples  collected  at  Station  62^  on  the  Missouri  River  below  Morony  Reser- 
voir.  This  low  number  is  perhaps  due  to  fluctuating  water  levels  in  the 
river  brought  about  by  Morony  Reservoir, 

Samples  collected  at  Stations  77  and  78,  located  on  Willow  Greek  above 
and  below  the  City  of  Browning,  respectively  reveal  polluted  conditiops. 
This  IS  particularly  so  at  Station  78,   At  this  station  sensitive  organisms 
were  virtually  lacking. 

Big  Spring  Creek  below  the  City  of  Lewistown  sewage  outfall  is  severely 
polluted.   Samples  collected  at  this  station,  Number  98,  show  a  high  total 
number  of  organisms,  but  an  extremely  low  number  of  sensitive  organisms. 

The  Musselshell  River  below  the  old  Harlowton  sewage  outfall  at  Stations 
108^  and  109  was  polluted  during  the  tim.e  of  the  survey.   Sewage  treatment 
facilities  have  been  placed  in  operation  at  Harlowton  since  the  samples 
were  collectedo 

Biological  information  collected  on  the  Musselshell  River  near  the 
City  of  Roundup,  Stations  110  and  111,  is  difficult  to  evaluate.   The  1958 
sampling  revealed  only  78  organisms ^  and  the  1959  sampling  produced  only 
5  organisms,   Fo  attempt  is  made  here  to  determine,  by  the  samples  collec- 
ted, if  the  stream  is  nolluted  at  this  station.   The  same  can  be  said  for 
biological  samDles  collected  at  Station  112  on  the  Musselshell  River  near 
Mosbjo   It  should  be  mentioned  that  the  Musselshell  River  in  the  area  where 
these  samples  were  taken  has  a  muck-ooze  bottom.   Such  conditions  are  not 
■favorable  habitat  for  many  tyoes  of  macro-ihvertebrates , 

As  mentioned  earlier  in  this  report  it  is  difficult,  if  not  impossible, 
by  use  of  macros- invertebrates ,  to  evaluate  water  quality  in  the  Missouri 
River  and  its  tributaries  below  Fort  Peck  Reservoir,   Only  at  Stations  llV, 
128,  and  129  were  there  sufficient  macro-invertebrates  collected  in  the 
samples  taken  to  be  worthy  of  consideration  in  this  report, 
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station  ll^f,  located  on  the  Missouri  River  immediately  below  Fort 
Peck  Reservoir  contained  a  total  of  627  macro-invertebrates  in  eight  square 
feet  of  stream  bottom  sampled.   Only  three  of  these  organisms  were  of  the 
pollution  sensitive  type.   It  appears  that  the  bottom  type  (sand,  gravel, 
muck-ooze  and  mud)  is  more  of  a  factor  in  determining  the  types  of  macro- 
invertebrates  found  at  this  station  than  is  the  possibility  of  organic 
enrichment  from  pollution.   However,  Fort  Peck  Reservoir  may  contribute  some 
enrichment  to  the  water  at  this  station,  and  also  water  leaving  the  reser- 
voir may  be  low  in  dissolved  oxygen  contento 

The  Milk  River  near  Malta,  at  Stations  128  and  129,  was  polluted  at  the 
time  of  the  survey.   This  was  particularly  so  at  Station  129  ahere  only  four 
percent  of  the  organisms  collected  were  of  the  clean  water  type.   The  City 
of  Malta  has  placed  into  operation  sewage  treatment  facilities  since  this 
survey. 

SUMMARY 

Biological  sampling  reveals  that  21  of  the  1^6  stations  sampled  in 
the  Missouri  River  Drainage  are  polluted.   Since  this  survey  was  completed 
the  construction  of  sewage  treatment  plants  has  accelerated  in  many  of  these 
areas.   Such  construction  has  undoubtedly  eliminated  much  of  pollution 
that  existed  at  the  time  of  this  survey.   Inorganic  pollution  appears  to 
be  almost  non,-existent  in  the  drainage  except  for  siltation  due  to  over- 
grazing and  poor  farming  practices.   It  is  possible  in  a  survey  of  this  size 
to  miss  some  sources  of  pollution.   However,  we  are  confident  that  if  such 
areas  were  missed  they  were  of  minor  importance.   In  general,  the  Missouri 
River  Drainage,  biologically,  exhibits  clean  water  conditions. 
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Appendix  Ac   Locations  and  descriptions  of  sampling  statioiis  established 
during  the  summer  of  1958  and  1959   on  the  Missouri  River 
Drainage  Sjstem  and  their  correaponding  Missouri  River  and 
Tributaries  Drainage  indices „ 

MISSOURI  RIYER  DRAINAGE  SYSTEM 
(Excluding  Yellowstone  Rrrer  Drainage)' 

STAo  MILEAGE 

NOo     LOCATIOI  INDEX  DESCRIPTION 

Jefferson  Rirer  Drainag'e 

1  Big  Hole  Ri-er  above      2^64„^™111    Near  State  Highwaj  45  bridge 

^i^^ifie  four  miles  west  of  Divide, 

2  Big  Hole  River  abors  2464o4-78  Approximately  eight  miles 
South  Dakota  Mining  and  ^  southeast  of  Glen  and  one 
Uranium  Company  Mill                  mile  west  of  mi  11., 

3  Big  Hole  River  belov      246-4-„4.-76     Approximately  one -^fourth 
South  Dakota  Mining  and  mile  east  of  mill„ 
Uranium  Company  Mill 

4  Beat-erhead  (Red  Rock)    2464„^-^65 -^O   Upstream  from  Armstead  approx- 
River  above  Armstead  imatsly  one  mils  near  UoSo 

Highway  91  on  Parke  Scott 
San oho 

5  Beaverhead  (Red  Rock)    24640 ^"65-48   Approximately  on&  mile  down- 
River  below  Armstead  stream  from  Armstead  on  Up  So 

Highway  91  just  above  histor- 
ical marker, 

6  Grasshopper  Creek      2464o4-65-     Approximately  one  mile  above 
above  BannS-ck  59-23       Bannsok  near  Bannack  State 

Park  sign, 

7  Grasshopper  Creek      2464„4»65"     Approximately  one==half  mile 
below  Bannack  57-20       below  Security  Mines  Company 

dredging  operations, 

3   Beaverhead  River        2464o4~65-'     Near  UoS,  Highway  91  bridge 

above  Dillon,   .  31         three  miles  southvrest  of 

Dillon, 

9   Beaverhead  River        2if64,4-65-.,     Near  u,S„  Highway  91  teidge 
below  Dillon  26         one  mils  north  of  Dillon, 

10     Alder  Creek  above     2464c 4-65"     Approximately  one^half  mile 
Daylight  Creek  a'nd     7-.20-17        upstream  on  Alder  Creek  from 
"Virginia  City  Tirginia  City  near  historical 


marker. 
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11  Daylight  Greek 
above  Virginia 
City  and  Alder 
Creek 


246^o4-65-    Approximately  one  and  one-half 
7-20-16-2     miles  southeast  of  Virginia 
City  near  State  Highway  3^„ 


12  Daylight  Creek  above 
Alder  Creek  and 
below  Virginia  City 

13  Alder  Greek  below 
Virginia  City  and 
Daylight  Greek 

14  Mill  Creek  above 
Sheridan 

15  Mill  Greek  below 
Sheridan 

16  Beaverhead  River  above 
Twin  Bridges 


17  Beaverhead  River  be- 
low State  Children's 
Home  in  Twin  Bridges 

18  Beaverhead  River  be- 
low Twin  Bridges 

19  Jefferson  River  below 
Big  Hole,  Ruby  and 
Beaverhead  Rivers 

20  Jefferson  River  above 
Whitetail  Creek 

21  Whitetail  Creek  above 
Whitehall 

22  Whitetail  Greek  below 
Whitehall 

23  Jefferson  River  Channel 
of  Jefferson  River  near 
Whitehall  0 

2k  Jefferson  River  below 
Confluence  of  Boulder 
River 

25  Jefferson  River  above 
Three  Forks 


2464A~65-7- 
-20-16-Oo5 


2k6kA-6'^- 
7-20-13 


2464Jf-65- 
5-18 

2^64.4-65- 
5-11 

2^64=4-65- 
4=5 


2464,4-65- 
3.5 


2464.4-65- 
2 

2464.4-64 


2464„4-'4-4 


2464o4-'+0- 
10 

246'i„4-40- 
2464,4-39 o  5 


2464,4-30 


2464,4-7 


At  State  Highway  34  crossing 
in  Virginia  City, 


'oximately  two  miles  north- 
west of  Alder  and  just  below 
Nevada  City, 

Near  road  east  of  Sheridan 
3o6  miles. 

On  Hansen  Farm  2,8  miles  south- 
west of  Sheridan, 

ADproximately  3OO  yards  above 
fairgrounds  at  Twin  Bridges  on 
left  bank. 

Hear   State    Children's    Home 
barns. 


Approximately  one  mile  north 
of  Twin  Bridges. 

Near  road  along  left  bank 
approximately  one  mile  below 
confluence , 

1,7  miles  south  of  V/hitehall 
below  county  bridge. 

Three  miles  north  of  Whitehall^ 


Approximately  one-half  mile 
below  Whitehall  sewage  outfall. 

Near  Roy  Harris  Ranch  corral 
about  one  and  one-fourth  miles 
southeast  of  V/hitehall, 

Approximately  one-half  mile 
below  LaHood  Park  entrance 
junction  with  U,S,  Highway  lOS, 

Near  U,S,  Highway  10  bridge, 
approximately  two  miles  west 
of  Three  Porks. 
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26   Jefferson  River  below     2464„4-5 
Three  Forks 


Near  county  bridge  approximate- 
ly one  and  one-half  miles  east 
of  Three  Forks » 


27  Madison  River  near 
Three  Forks 


Madison  River  Drainage 

2k6kA-2  Near  Uo  So  Highway  lOS  approx- 

imataly  one  mile  east  of  Three 
Forks o 


Gallatin  River  Drainage 


28  West  Gallatin  River 
near  Gallatin  Gateway 

29  West  Gallatin  River 
near  Manhattan 


30  East  Gallatin  River 
above  Bozeman  (locally 
called  Rocky  Creek) 

31  East  Gallatin  River 
above  Tollmer  Slaughter- 
house near  Bozeman 

32  Bozeman  Creek  above 
Bozeman 


33    Bozeman  Creek  below 
Bozeman 


34  East  Gallatin  River 
below  Bozeman  Creek  and 
above  Bozeman  sewage 
outfall 

35  Bridger  Creek  near 
Bozeman 


36    East  Gallatin  River 
below  Bozeman 


2^6^-A2„5     Near  east  channel  bridge  at 
edge  of  Gallatin  Gateway, 

2^6A--l6      Upstream  from  UoS=  Highway  lOS 

bridge  approximately  three  miles 
southeast  of  Manhattano 

2'+6A-"10"36    Near  Highway  lOS  near  Mount 
Ellis  Roado 


246^-10-35    Approximately  one-fourth  mile 
south  of  slaughterhouse  by 
bridge  near  Bozeman  city  limits, 

2464™10-31o 7=  Near  bridge  approximately  five 
10       miles  south  of  Bozeman  city 
centero 

2464-iO=-31o  7~  Approximately  100  feet  above 
Ool       confluence  with  East  Gallatin 
River o 

2464-10-31° 5   Near  Bridger  Canyon  road  bridge 
approximately  300  yards  north 
of  sewage  treatment  plant. 


2464-10-30o 5-  Near  bridge  on  county  road 

1        approximately  one  mile  above 
confluence  with  East  Gallatin 

River, 

2464-10-30    Near  county  bridge  approximately 
one  mile  below  Bozeman  sewage 
treatment  outfall  and  landfill 
garbage  disposal. 
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57    East  Gallatin  River 
near  Belgrade 


38    East  Gallatin  River 
near  Manhattan 


2^+6^-10=20 


59 


^0 


Gallatin  River  below 
confluence  of  East  and 
West  Gallatin  Rivers 

Gallatin  River  near 
Logan 


246^-10-0o2 


2^+6^-9 


2^64-5 


Near  county  bridge  approximate- 
ly one  and  one-half  miles  east 
and  one  and  one-half  miles  north 
of  Belgrade^ 

One-fourth  mile  above  the  con- 
fluence of  the  East  and  West 
Gallatin  Rivers^ 

Approximately  one  mile  below 
confluence  and  two  miles  north 
of  Manhattan, 

Approximately  one-half  mile 

west  of  Logan  near  county  bridge. 


Missouri  River  and  Tributaries  after  Headwaters 


^1  Missouri  River  above 
Trident 


k2      Missouri  River  below 
Trident 

^3    Deep  Creek  near 
Townsend 


kk     Missouri  River  above 
Townsend 

45   Missouri  River  below 
Townsend 


46   Prickly  Pear  Creek 

abcbve  Jefferson  City 


47  Prickly  Pear  Creek 
at  Jefferson  City 

48  Prickly  Pear  Creek 
below  Jefferson  City 


49    Prickly  Pear  Creek 
near  Montana  City 


2465,5       Approximately  one-half  mile 
downstream  of  confluence  of 
Madison,  Jefferson  and  Gallatin 
Rivers » 

2462        Approximately  one-fourth  mile 
northeast  of  Trident, 

2426-8       Approximately  five  miles  east 
of  Townsend  near  city  water 
intake, 

2425        Approximately  two  miles  south 
of  Townsend  on  Hahn  Ranch, 

2422        Approximately  one  mile  down- 
stream from  UoS,  Highway  12 
bridge  on  Paul  Ragen's  Ranch, 

2372,5-44     Above  gold  dredge  (in  operation 
at  time  of  survey)  approximately 
0,5  mile  south  of  Jefferson  City, 

2372,5-43     Below  bridge  east  of  Ling's 
Bar  in  Jefferson  City, 

2372,5-38     At  G,  Ross  Panch  four  miles 
north  of  Jefferson  City  near 
U,S,  Highway  91, 

2372,5-25     Approximately  one-half  mile 

south  of  TJ,S,  Highwa-y  91  rail- 
road overpass  approximately 
six  miles  southeast  of  Helena, 
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50  Prickly  Pear  Creek 
above  East  Helena 

51  Prickly  Pear  Creek 
below  Helena 


52     Seven  Mile  Greek 

near  Port  Harrison 


53   Missouri  River  near 
Craig 

5^  Missouri  River  above 
Cascade 


55  Missouri  River  below 
Cascade 


56  Forth  Fork  Smith 
River  above  White 
Sulphur  Springs 

57  Smith  River  near 
l.^^hite  Sulphur  Springs 

58  Sun  River  below 
Gibson  Dam  and  Sun 
River  Diversion  Dam 

59  Sun  River  near 
Augusta 


60  Sun  River  near  com- 
munity of  ^un  River 

61  Missouri  River  at  Rain- 
bow Dam  Forebay 

62  Missouri  River  below 
Morony  Dam 

63  Belt  Creek  above 
Neihart 


2372o5-23 

2372.5-11 


2372„5-9J+~ 
5o5 


2333 


2319 


230^ 


2280-115= 
10 


2280-112 
2252=2-85 

2252„2~63 

2252.2-29 
224^ 

2236 
223^o2-74 


At  county  road  bridge  near 
Montana  Gityo 

Near  bridge  on  county  road 
south  of  State  Girls'  Vocation- 
al Schcolo 

Near  railroad  crossing  approx- 
imately two  miles  northwest  of 
Port  Harrison  entrance  on  county 
road. 

Near  county  bridge  at  Craigo 


Near  UoS,  Highway  91  bridge 
approximately  ten  miles  south- 
west of  Cascadeo 

Approximately  one  mile  down- 
stream from  Cascade  near  county 
road  water  pumpo 

Near  UoS„  Highway  89  bridge 
approximately  three  miles  north- 
east of  White  Sulphur  Springs 

Near  county  bridge  four  miles 
west  of  White  Sulphur  Springs 

Approximately  one  mile  below 
Sun  River  Diversion  Dam. 


Near  State  Highway  287  bridge 
approximately  four  miles  north- 
east of  Augusta. 

Near  State  Highway  20  bridge 
at  Sun  River. 

Forebay  of  Montana  Power 
Company's  Rainbow  Dam  near 

Great  Falls. 

Below  Montana  Power  Company's 
Morony  Dam. 

Near  U.S.  Highway  89  approx- 
imately one  mile  southeast  of 
Neiharto 
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6k        Belt  Creek  above 
Carpenter  Creek 

65    Carpenter  Creek 
above  Snow  Greek 


66     Snow  Creek  above 
Carpenter  Creek 


67     Carpenter  Creek 
below  Snow  Creek 


Belt  Creek  below 
Carpenter  Creek 


69  Belt  Greek  above 
Missouri  River 

70  Missouri  River  below 
Belt  Creek 


71   Highwood  Creek  above 
Missouri  River 


72  Missouri  River  at 
Carter  Ferry 

73  Missouri  River  above 
Fort  Benton 

7^  Missouri  River  below 
Fort  Benton 


75  Shonkin  Creek  above 
Missouri  River 

76  Missouri  River  above 
Marias  River  (innomin- 
ate River) 

77  Willow  Greek  above 
Browning 


2254o2-67o2 


223^^02-67- 
2„2 


223-^02-67. 
2-0,2 


223-^,2-67- 
1.8 


2234o2-66 


2235-2 
2234 

2228ol-'^ 

2220 
2203 
2201 

2200-3 
■  '2183  :'% 


2I8I-223. 
18 


Wear  UoSo  Highway  899  lo2  miles 
northwest  of  center  of  Weiharto 

Approximately  one  mile  north 
of  Feihart  and  2o2  road  miles 
from  IIoSo  Highway  89  „ 

Approximately  one  mile  north 
of  Reihart  and  approximately 
one-fourth  mile  above  Carpenter 
Greeko 

Approximately  one  mile  north 
of  Neihart  and  approximately 
one-fourth  mile  below  confluence 
of  Snow  Creek, 

Near  U=S<,  Highway  89  approx- 
imately one-fourth  mile  north 
of  Carpenter  Creek  road  junction 
and  near  side-road  bridge  across 
Belt  Creek, 

Approximately  3=5  miles  north 

of  Salem  near  county  road  bridge. 

On  left  bank  of  Missouri  approx- 
imately 1,5  miles  below  Morony 
Dam, 

Near  bridge  approximately  four 
miles  above  confluence  with 
Missouri  River, 

At  ferry  east  of  Garter, 


Near  Port  Benton  water  treat- 
ment plant  intake. 


Approximately  one  mile  below 
Fort  Benton  park  near  city 
center. 

Wear  bridge  on  FAS  250  one  mile 
east  of  Fort  Benton, 

At  Loma  ferry  one  mile  south- 
east of  Loma, 


Near  bridge  on  U„S„  Highway  89 
three  miles  west  of  Browning 
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78  Willow  Creek  telow 
Browning 

79  Gut  Bank  Greek 
above  Cut  Bank 

80  Gut  Bank  Creek 
below  Cut  Bank 

81  Marias  River  south 
of  Shelby 

82  Marias  River  south- 
east of  Shelby 


!3   Marias  River  above 
Teton  River 


8k  Teton  River  near 

Choteau 

85    Teton  River  below 
Choteau 


86    Teton  River  east 
of  Choteau 


87    Teton  River  above 
Marias  River 


Marias  River  (innomin- 
ate River)  below  Teton 

River 


89  Missouri  River  below 
Marias  River  (innomin- 
ate River) 

90  Missouri  River  at 
Virgelle  Ferry 


91    Eagle  Greek  above 
Missouri  River 


2181-223- 
2181-201 


2181-199 
2181-166 
2181-156 

2181-3 


2181-1„5- 
129 

2181~1„5- 
127 


2181-1„5- 
117 


2181-lo5- 
Oo5 


2181-1 


2180 


2l62o2 


21^5-1 


One  and  one-half  miles  east 
of  Browningo 

Near  bridge  on  U, S »  Highway  2 
west  of  Gut  Banko 

Southwest  of  Cut  Bank  on 
extension  of  Ninth  Avenue, 

Near  UoSo  Highway  91  bridge 
six  miles  south  of  Shelby » 

Near  PAS  ^17  road  bridge  approx- 
imately ten  miles  southeast 
of  Shelbjo 

Approximately  one-half  mile 
above  confluence  with  Teton 
River, 

Near  State  Highway  287  bridge 
one  mile  south  of  Choteau o 


Near  bridge  on  U„S„  Highway  89 
one  mile  southeast  of  Choteauo 

Near  bridge  on  FAS  221  road 
four  miles  east  of  ChoteaUo 
Greenfield  Lake  drainage  enters 
above  this  stationo 

Near  county  road  bridge  approx- 
imately one-half  mile  west  of 
Loma, 

Approximately  one-half  mile 
below  confluence  Teton  River  and 
east  of  IJoSo  Highway  87  bridge 
at  Lomao 

Approximately  one-half  mile 
below  confluenceo 


Approximately  100  feet  upstream 
of  USGS  gagehouse  at  Yirgelle 
Ferry, 

Above  confluence  with  Missouri 
River  (dry  at  time  of  survey). 
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92  Missouri  River  above 
Arrow  Creek 

93  Arrow  Creek  above 
Missouri  Biver 

9^  Missouri  River  above 
Judith  River 

95    Judith  River  above 
Big  Spring  Creek 


96  Big  Spring  Greek 
above  Lewis  town 

97  Big  Spring  Creek 
below  Lewistown 


98    Big  Spring  Creek 
at  Hanover 


99    Big  Spring  Creek 

above  Judith  River 

100  Judith  River  below 
Big  Spring  Creek 

101  Warm  Springs  Creek 
above  USAP  Radar  Base 


212^ 

2123-1 

2117 

211^+^7-56 


211^,7-55. 
18 

2llA-„7-55. 
15 


211^,7-55- 
7 


211^.7-55- 
0.1 

211^+^7-53 


211^,7-^4- 
27 


102    Warm  Springs  Creek      211^,7-4^- 
below  USAP  Radar  Base       25 


103    Judith  River  above        211k, "J-k 
Missouri  River 


104  Missouri  River  below        2113 
Judith  River 

105  Missouri  River  at  No        2100 
Grossing 

106  Missouri  River  at  State      2O56 
Highway  I9  Crossing 


Above  confluence  with  Arrow 
Creeko 

Above  confluence  with  Missouri 
River  (dry  at  time  of  survey). 

Approximately  two  miles  above 
confluence  with  Judith  River, 

Approximately  300  yards  above 
confluence  with  Big  Spring; 
Creeko 

Near  FAS  238  bridge  2,6  miles 
southeast  of  Lewistown, 

Near  FAS  237  bridge  approxi- 
mately two  miles  northwest  of 
Lewistown, 

Near  railroad  trestle  at 
Hanover  approximately  seven 
miles  northwest  of  Lewistown. 

Approximately  I50  yards  above 
confluence  with  Judith  River, 

Approximately  two  miles  below 
confluence  =, 

Approximately  one-half  mile 
above  radar  base  and  approxi- 
mately eleven  miles  northeast 
of  Lewistown, 

Approximately  one  mile  below 
radar  base  and  approximately 
eleven  miles  northeast  of 
Lewistown, 

Approximately  four  miles  above 
confluence  with  Missouri  River 
at  Charles  Wilson  Ranch. 

At  State  Highway  236  Missouri 
River  ferry  crossing. 

Approximately  twelve  miles 
north  of  Winifred, 

At  State  Highway  19  crossing 
approximately  65  miles  north- 
east of  Lewistown, 
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107  Musselshell  River 
above  Harlowton 

108  Musselshell  River 
below  Harlo¥ton-l 


109   Musselshell  River 
below  Harlowton~2 


110   Musselshell  River 
above  Roundup 


111  Mtiss6lSh6ll  River 
;)b<felQw  .Rouhdup 

112  Musselshell  River 
near  Mosby 

113  Musselshell  River 
below  Mosby 

11^  Missouri  River  below 
Fort  Peck 


115   Milk  River  above 
Fresno  Reservoir 


116  Milk  River  below 
Fresno  Reservoir 

117  Milk  River  above 
Havre 


118  Milk  River  near 
L ohm an . 

119  Milk  River  above 
Chinook 

120  Milk  River  below 
Chinook 

121  Battle  Greek  (West 
Fork  Milk  River) 
above  Diamond ' 
Asphalt  Company 


199^0 7-281 
199^^7-278»2 

199^07-272 

199^07-173 

199^07-169 
199^o7~6o 
199^0  7  =--50 

1864 

1857o4-460 

1857o^"Al7 
1857o^-^02 

1857o^"376 

1857o'+-36if 

1857o4~359 

1857o4-357-^ 


Wear  State  Highway  19  bridge 
one  mile  southwest  of  Harlowtono 

Near  county  bridge  approximate- 
ly two  miles  southeast  of  Har- 
lowtono 

Near  county  bridge  approximate- 
ly four  miles  southeast  of  Har- 
lowton 0 

Near  U„S.  Highway  87  bridge 
approximately  two  miles  south- 
west of  Roundupo 

Near  county  bridge  one  mile 
east  of  Roundupo 

Near  State  Highway  20  bridge 
near  Mosbjo 

Approximately  eight  miles  north 
of  Mosby  and  below  Cat  Creek 
oilf ieldo 

Approximately  five  road  miles 
downstream  from  Ft„  Peck  near 
power  line  overpass » 

Approximately  twenty-three 
miles  north  of  Gilford  on 
Vande  Sandt  JRancho 

Approximately  one  mile  below 
Fresno  spillway  along  left  banko 

Approximately  100  feet  upstream 
from  City  of  Havre  new  water 

intake o 

Near  U„So  Highway  2  bridge 
two  miles  east  of  Lohmano 

Downstream  50  feet  from  City 
of  Chinook  water  intakeo 

At  Mitch el  Farm  two  miles 
southeast  of  Chinooko 

Near  U<,S„  Highway  2  bridge  in 
Chinooko 
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122 


123 

12^ 

12  5 
126 


127 


128 


129 


Battle  Creek  (West 
Fork  Milk  River)  below 
Diamond  Asphalt  Com- 
pany 

Milk  River  below. 
Battle  Greek 


Milk  River  above 
Harlem 

Milk  River  above 
Fort  Belknap 

Milk  River  above 
Dodson  Dam 


Milk  River  near 
Dodson 

Milk  River  above 
Malta 

Milk  River  below 
Malta 


1857»^-357-2   Near  county  bridge  approximate- 
ly one  mile  southeast  of  Diamond 
Asphalt  Company, 


130  Milk  River  above 
Hinsdale  and  Beaver 
Creek 

131  Beaver  Creek  above 
Saco 

132  Beaver  Creek  below 
Saco 

133  Milk  River  below 
Hinsdale  and  Beaver 
Creek 

13^   Milk  River  above 
Glasgow 


135   Milk  River  below 
Glasgow 


1857.^-353 

1857.^-329 

1857.^-325 
I857A-277 

1857.4-259 
1857.'4-226 
1857A-214 

1857.4-126 


1857. ^^-125- 
51 

1857.4-125- 
20 

1857.4-118 


1857.4-61 


1857.4-57 


At  county  road  bridge  approxi- 
mately five  miles  east  of  Chi- 
nook. 

Upstream  ten  feet  from  Town 
of  Harlem  water  intake, 

Abo^e  Fort  Belknap  water  ' 
intake  30O  feet. 

Near  Blaine-Phillips  County 
line  approximately  eight  miles 
northwest  of  Dodson  on  north- 
south  gravel  road. 

Near  bridge  on  FAS  204  one 
mile  south  of  Dodson 

Near  GN  tracks  five  miles 
west  of  Malta, 

Approximately  one  mile  north- 
east of  Malta  on  Hans  Kualle 
Farm, 

West  of  bridge  on  gravel  road 
two  miles  north  of  Hinsdale, 


East  of  bridge  on  gravel  road 
three  miles  northwest  of  Saco. 

Southeast  of  Saco  three  miles 
on  Buttington's  farm. 

Near  U.S.  Highway  2  bridge 
two  miles  east  of  Hinsdale. 


Behind  Glasgow  hospital  and 
Civic  Center  and  above  sewage 
outfall. 

Near  State  Highway  24  bridge 
three  miles  southeast  of 
Glasgow. 
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136   Milk  River  above         1857o4-26 
Nashua 


137   Milk  River  below         1857,if-17 
Nashua 


138  Missouri  River  below        1857 
Milk  River 


139  Missouri  River  above        1801 
Wolf  Point 

140  Missouri  River  below        179^ 
Wolf  Point 

lA-1  Missouri  River  above        1776 
Poplar  and  Poplar  River 


1^2    Poplar  River  above       1775,8-0.5 
Missouri  River 


1^3  Missouri  River  below        177^ 
Poplar  and  Poplar  River 

Ikk     Missouri  River  above        I726 
Big  Muddy  Greek 


14-5   Big  Muddy  Creek  above     1725,7~0,1 
Missouri 


1^6   Missouri  River  at 
Snowden 


1686 


Near  bridge  on  Nashua-Port  Peck 
highway  (FAS  2^9)  one  mile  south- 
west of  Nashuao 

Approximately  one-half  mile 
south  of  UoSo  Highway  2 5  'two 
miles  southeast  of  Nashuao 

Approximately  one-half  mile 
below  confluence  of  Missouri 
and  Milk  Rivers o 

Approximately  one  mile  upstream 
from  Wolf  Pointo 

Approximately  eight  miles 
downstream  from  Wolf  Pointo 

Directly  across  west  channel 
of  Missouri  River  from  mouth 
of  Poplar  Rivero 

Approximately  one-half  mile 
above  confluence  Poplar  and 
Missouri  Riverso 

Approximately  one  and  one-half 
miles  below  confluence  Poplar 
and  Missouri  Rivers o 

Along  north  bank  300  yards 
upstream  from  confluence  of 
Missouri  River  and  Big  Muddy 
Creek, 

Approximately  25O  yards  upstream 
from  confluence  of  Missouri 
River  and  Big  Muddy  Creek„ 

Under  bridge  at  Snowdeno 
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CHEMICAL,    PHYSICAL,    AND   BACTKRIOLOGICAL   DATA 
OPTAINED   nilHING    1958    AMU    1959   STREAM  SUfiVW   ON   THE 
MISSOURI   RTVBH   DRAIMAOE   SYSTBM 


Stream 
Plow 
Cfa 


Water      Dissolved   Oxygen 
Temp.      ~~  '       of 

°^  T}nni  Sat. 


Total 
Alkalinity 


Hfirdnees     Chlorides  '  Sulfsteu     Turbidity 

ppm  ppm  ColiT 


•See  more  detailed  survey  results   in  Tables    5 

.estimated    flow 

jTurbidity  by:Beokman  epeotrophotometer 


8,    Pbi   0.00,    Ou=   0.0 


^Fe.0.6   ppm,    As-. 003,    Zn-  D.k,   Pb=  o!oo,'    Cu=   o.'o 


^Fe.J.S    ppm,    AB-.OO't,    Zn 


Pb.    0.03,    Cu»    0.0 
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Sta. 
Ho. 


Stream     Wnter      DiRsolved   Oxyggn 
Flow        Temp.                                  ^            pH 
'^fs  _!E ppm  Sat. 


Total  Ifardnesa 
Alka] inity 
as    pnm   Ca'^O- 


Chlorides      I^ulfatea      Turbidity 
ppm 
Cl- 


ppm 
SO,.- 


:nli.  Bact.   Date 
'er  100  ml.   Taken 


Gta. 
No. 


77 
78 

79 

BO 
81 
fi2 

aj 
pit 

85 

06 

87 

80 

89 

90* 

91 

9S 

93 

9't 

95 

96 

97 
qn 

99' 
100* 
101 
102 
103 
104 
105 
106 
107 
lOfl 
109 
110 

111 
111 

112 
112 
113 

in 

115 

116 

117 

118 

119 

119 

120 

121 

122 

123 

12lt 

125 

126 

127 

128 

129 

130 

151 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

145 

144 

l'*5 

146 


8-26-58 

8-26-58 

8-25-58 

B-26-58 

8-25-58 

B-25-58 

S-10-59 

0-10-59 

fl-26-58 

0-26-58 

8-10-59 

8-5-59 

8-5-59 

8-11-59 

8-14-55 

8-14-59 

8-14-59 

8-13-59 

6-25-59 

6-25-59 

6-2  5-59 

6-24-59 

6-25-59 

6-23-59 

6-24-59 

6-24-59 

8-15-59 

8-13-59 

fl-13-59 

8-12-59 

8-22-58 

8-22-58 

8-22-58 

6-26-59 

8-21-58 

6-26-59 

8-21-58 

6-25- 5^ 

6-25-59 

6-18-50 

6-29-58 

6-29-58 

6-28-58 

6-28-58 

6-28-58 

8-11-59 

6-28-58 

8-11-59 

8-11-59 
8-11-50 

6-27-58 

6-27-58 
7-27-58 
6-27-58 
6-25-58 
6-25-58 
6-24-56 
6-Z5-5S 
6-25-58 
6-24-58 
6-2'^-58 
6-24-58 
6-24-5B 
6-24-58 
6-18-58 
6-19-58 
6-20-58 
6-20-58 
6-20-58 
6-20-58 
6-22-58 
6-22-58 
6-22-58 


12  N 
10  AM 

6  PM 

7  AM 
5  PH 

3  PM 
5  PM 
2  PM 
5  PM 

4  rn 

2 

4 


80 

80 

238 

2  38 

1,400 

120 

120 

120f 

PH    23' 

PH  1,420 


3  PH 
6  PM  5,240 
Dry  at  tirae 
10  AH  6,140 
Dry  at  time 
9  AH  5,950, 

115 
118 
118 
254 


5  PM 
9  AM 

10  AM 
2  PM 
5  PH 

12  N 

10  AH 
12  N 

1  PM 

11  AH 
5  PM 

2  PM 
11  AM 

7  A'M 
9  /IM 

10  AM 
4  PM 
a  AM 
1  PH 

3  PM 

4  PH 
7  AM 

11  AM 
B  AM 
3  PM 

1  PM 
11  AH 

2  PM 
9  AM 
1  PM 

10  AH 

11  AM 

5  PH 

4  PM 

12  N 
11  AM 

5  PM 
1  PM 
5  PM 


1  "H 
9  AM 

10  AH 

11  AM 
3  PM 


667 

132 

5950, 

6380, 

6160, 

53^ 

460^ 
236 
460^ 
30' 
620 
620, 


400 

5800 
5800 
5000 
8 
5800 
5240'- 

2, 

5?4o^ 


64 
65 
73 
64 

75 

75 

64 

70 

70 

72 

72 

70 

66 

66 
of  survey 

62 
of  survey 

60 

67 

54 

55 
65 
67 
66 
56 
60 
63 
61 
63 
68 
64 
63 
64 
65 
72 
66 
77 
64 


51 
61 
62 


68 
66 
68 
66 
62 
63 
73 
75 
73 
74 
69 
68 

67 

64 
67 
65 
65 
65 
63 
63 
54 
59 
59 
61 
69 
61 
59 
63 
63 


9.4 
6.7 
7.8 
6.5 
7.P 
0.3 
8.4 
8.2 
8.5 
8.1 
7.6 
8.0 
7.8 


8.6 

S.l 

10.9 

9.0 

7.1 


8, 
7. 
8. 
6. 
9. 

a. 

9. 

5.9 

8.7 

7.5 

8.2 

7.1 

8.4 

7.6 


8.9 
8.6 
7.8 
7.5 
7.2 
8.0 
7.3 
7.2 
9.0 
7-8 
8.4 
8.2 
8.1 
8.0 
7.8 
8.2 
7.8 
11.0 
10.9 
7.9 
7.8 
7.2 
7.6 
7.6 
8.6 
0.2 
8.2 
fl.4 
7.7 
8.4 
8.2 
6.8 
8.0 


116 
81 

103 
78 

104 

U4 
96 

105 

109 

105 

95 

98 

91 


99 

93 

86 
115 

110 
85 

95 

90 
100 

94 
10} 
100 
112 

70 
106 

86 
104 

85 
110 

87 

85 
101 

99 

94 

91 

87 

95 

89 

84 
100 

88 
107 
106 
101 
101 

93 

97 

92 
124 
128 

90 

89 

82 

84 

84 

86 

87 

89 

91 

05 

91 

90 

76 

90 


8.8 
7.7 
9.0 
7.8 
8.4 
8.5 
8.4 
8.2 
0.4 
8.6 
8.5 
8.9 
8.9 
8.5 

8.5 

6.6 

8.4 
8.1 
8.2 
8.9 
8.7 
8.7 
8.2 
7.7 
8.3 
8.5 
8.4 
8.4 
8.6 

7." 

8.2 
8.4 
8.4 
0.7 
0.4 
8.9 

8.2 

R.2 

0.2 

0.2 

0.3 

0.2 

8.4 

8.5 

7.5 

8.4 

8.4 

8.4 

8.3 

8.2 

8.2 

8.5 

8.2 

8.5 

8.7 

9.0 

8.3 

8.4 

8.2 

8.3 

8.2 

8.3 

8.3 

0.2 

8.3 

8.0 

8.4 

8.5 

T.O 

8.3 


164 
149 
135 
l't3 
170 
178 
168 
226 
198 
247 
248 

ig** 

162 

172 

182 

178 
192 
102 
202 
206 
202 
200 
15'* 
122 
168 
174 
170 
172 
277 
271 
265 
222 
214 
216 
214 
216 

175 

172 

168 

172 

178 

172 

164 

176 

510 

192 

168 

184 

108 

218 

224 

250 

254 

254 

254 

258 

256 

260 

244 

248 

248 

174 

180 

192 

194 

456 

204 

212 
798 
214 


161 
165 
140 
155 
214 
227 
277 
272 
259 
408 
374 
306 
273 
233 

2  38 

242 

250 

546 
380 

371 

320 
272 
208 
130 
489 
522 
238 
224 
556 
556 
556 
452 
44; 
443 
640 
598 

200 
156 
118 
129 
132 

129 

l'*5 

129 

548 

189 

132 

140 

144 

158 

169 

191 

195 

210 

272 

301 

202 

206 

208 

21; 

212 

213 

210 

212 

215 

202 

215 

217 

424 

217 


2 

4 

4 

6 

6 

6 

5 

4 

4 

23 

14 

10 


7 
10 

4 
10 

8 
12 
10 

6 
10 
10 
11 
14 
19 
19 
11 
17 
10 
55 
15 

9 
3 

5 
6 
7 


10 
7 
9 
7 
8 
7 
9 
10 
10 

10 

15 

34 
in 
9 
14 
15 
17 
12 
10 
12 
11 
87 

14 
11 
15 
13 


25 
46 
54 

12? 

168 
220 

44 
46 
425 
548 
260 
216 

139 

170 


24 

29 

6 


7 

5 

580 

226 

154 
159 
5't5 
574 
554 
216 
S66 
197 
1511 
58 

14  0 

50 

65 

60 

65 

65 

62 

65 

264 

168 

87 

80 

80 

95 

115 

175 

165 

205 

350 

445 

200 

210 

185 

240 

240 

160 

150 

150 

140 

210 

150 

460 
150 


<7 
<7 
<7 
<7 
50 
35 
25 
<7 
10 
20 
14 
50 
18 
14 

13 

15 

9 

10 
12 
150 
160 
<7 
<7 

12 

17 
30 
30 

<  7 

<  7 

<  7 

200 

60 

725 

55 

200 

16 

175 

<  22 

65 
65 
85 
85 

>60 
80 
75 
75 

>'t5 

>'t5 
50 

>60 
75 

115 
90 

<  7 
7 

60 
110 
130 
250 
250 

its 

75 

90 

75 

63 
100 

85 

150 
145 


950 

75 
,300 
,300 
,300 
750 

95 
250 


43 

230 

730 

't3 

2,100,000 

23,000 


9,300 
2,300 
9,300 

4,500 

390 

7,500 

15 

''5 

93 

430 

930 

°3,000 

1,500 

4,300 

210 

1 ,  500 

450 

450 

95 

95 


6-24-59 
6-24-59 
6-24-59 
6-24-59 
6-24-59 
6-24-59 
6-24-59 
6-24-59 


6-23-58 

6-29-58 
6-26-58 
6-26-58 
6-26-58 


6-26-58 
6-26-58 
6-26-58 
6-26-58 

6-25-58 
6-25-58 
6-25-58 
6-25-58 
6-25- 58 
6-25-58 
6-25-58 
6-25-58 
6-23-58 

6-23-50 

6-25-50 
6-23-50 

6-2 ',-58 
6-2^-58 
6-2'- 58 
6-22-58 


8  AH 
8  AM 
7   AM 


77 
78 
79 
80 
61 

az 
63 

84 

85, 
66 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 


7  AH 

8  AM 

8  AM  100 
7  AH  101 
7  AM  102 

103 
104 
105 
lOfi 
107 
108 
109 
110 
111 
•  111 
112 
112 
113 

2  PM  114 

115 

9  AM  116 
4  PH  117 

3  I'M  118 
2  PM  119 

119 
120 
121 
122 
PH  123 


2 

12  H 

11  AH  125 

11  AH  126 


124 


I   127 
PH  128 


•See  more  detailed  sui',vey  results  in  Tables  5,  6,  7,  8,   9,  10,  11,  and  12 
, estimated  flow 
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Appendix  C 

DFite    of  Collection,    Numbsr   of   Square    Peet   Stream   Substrate   Samnled,    Number   of   Fish   Collected, 
Number    and   Types    of    Invertebrates    Gollscted,    Total    Invertebrates,    Total    Sensitive    Invertebrate^) 
Percent   Sensitive    Invertebrates,    and   Avera/^e   Number   of    Invertebrates    per   Square    Foot    Collected 
from   Stations    Sampled   in   the   Missouri    River   Drainage,    Montana. 


Date 

Square 

Feet 

Sampled 

Types  and  Nurabors  of  Organisms  Gollectedi 

Invertebrates 

Sta. 

Total 

Total     Percent 
Sensitive  Sensitive 

Ave.  No. 
per  Sq.  Ft. 

Sta. 

No. 

Eph. 

P1C50. 

Trie.   Odon.   Coleo.   Dipt.   OliK.   Hiru.   Gast. 

Fish 

Other? 

No. 

1 

7-28-58 

8 

142 

45 

55 

0 

9 

144 

9 

0 

23 

0 

2 

7-8-59 

8 

245 

16 

16 

0 

3 

122 

2 

0 

0 

0 

3 

7-8-59 

6 

194 

66 

5 

0 

5 

88 

0 

0 

0 

0 

1* 

7-9-59 

8 

750 

11 

1500 

0 

0 

182 

300 

0 

8 

0 

■i 

7-9-59 

8 

1274 

59 

501 

0 

0 

165 

210 

0 

16 

0 

6 

7-9-59 

8 

91 

18 

71 

0 

7 

31 

55 

0 

2 

0 

7 

7-9-59 

8 

50 

4 

7 

0 

5 

4 

0 

0 

0 

0 

B 

7-2B-5B 

8 

297 

20 

456 

0 

0 

1297* 

96 

0 

9 

0 

9 

7-28-58 

8 

274 

8 

152 

0 

7 

13S0« 

74 

0 

3 

0 

10 

7-10-59 

8 

47 

4 

79 

0 

66 

40 

0 

0 

0 

0 

11 

7-10-59 

N/A 

Reconna 

issance 

Sample 

1? 

7-10-59 

n/a 

Reconnaissance 

Sample 

n 

7-10-59 

4 

22 

4 

8 

0 

21 

400 

4 

0 

0 

0 

1'4 

7-10-59 

8 

105 

15 

65 

0 

4 

48 

4 

0 

2 

0 

15 

7-10-59 

8 

281 

4 

164 

0 

'  11 

125 

47 

0 

7 

0 

16 

7-29-59 

8 

178 

0 

28 

0 

4 

1312* 

0 

62 

3 

1 

8-18-59 

4 

BBS 

52 

121 

0 

45 

217 

49 

0 

10 

0 

17 

8-18-59 

4 

978 

6 

16 

0 

29 

80 

165 

0 

0 

0 

18 

8-18-59 

8 

400 

29 

34 

1 

15 

200 

6 

0 

0 

0 

19 

7-29-58 

8 

115 

16 

2  5 

1 

5 

116* 

141* 

0 

0 

0 

Jn, 

7-50-58 

8 

181 

98 

891 

0 

25 

84 

2  64* 

0 

2 

1 

21 

7-29-58 

8 

98 

19 

30  5* 

11 

166 

45 

60 

0 

1200* 

0 

22 

7-50-58 

4 

2 

0 

12 

0 

0 

1200« 

1200* 

1200* 

1200* 

0 

2? 

7-30-58 

4 

267 

22 

155 

0 

4 

IBl 

35 

0 

4 

0 

24 

7-50-58 

8 

164 

10 

456 

5 

3 

51 

55 

16 

100 

0 

25 

8-11-58 

8 

371 

101 

220 

13 

12 

43 

34 

0 

1 

0 

B-17-59 

8 

3't3 

56 

126 

0 

8 

92 

0 

0 

0 

0 

26 

8-11-58 

8 

721 

142 

314 

0 

17 

161 

41 

0 

2 

0 

B-17-59 

8 

145 

0 

3 

0 

0 

78 

11 

0 

4 

0 

27 

8-12-58 

8 

90 

7 

1555« 

0 

69 

20 

2 

0 

2 

0 

28 

6-29-59 

a 

79 

5 

24 

0 

0 

12 

0 

0 

-  0 

0 

?9 

8-13-58 

8 

137 

117 

650 

0 

17 

377 

0 

0 

3 

1 

50 

7-51-58 

8 

60 

6 

549* 

0 

54 

43 

0 

0 

9 

0 

6-30-59 

4 

278 

18 

358 

0 

31 

8 

2 

0 

6 

0 

U 

7-8-59 

4 

85 

3 

144 

0 

4 

86 

0 

0 

0 

0 

53 

6-7-59 

8 

51 

4 

495 

0 

38 

126 

0 

0 

2 

.  0 

55 

7-8-59 

n/a 

Reconnaissance 

Sample 

V-' 

7-51-58 

4 

110 
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0 
0 
1 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

59 
1 
0 
5 

17 

18 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
2 

77 
1 

0 
5 

22 

0 
0 
0 
0 
3 

0 
0 
0 
0 

14 

10 
1- 
0 
1 
5 

138 
139 

140 
l4l 
142 

!.  .  0-58 

12 

2 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

5 

2 

40 

1_ 

14  3 
144 

Ikk 

6-22-58 

6 

0 

0 

0 

2 

0 

6 

3 

0 

0 

0 

0 

11 

2 

18 

I 

11*5 
146' 

6-22-58 
6-22-58 

8 
8 

1- 

7 

0 
0 

0 
0 

0 
3 

0 

0 

0 

1 

0 
0 

0 
0 

0 
0 

0 
0 

500 
0 

501 

11 

1 
10 

1 
91 

63 

1 

145 
146 

-58- 


--.tienaix 


?>cr.n^.d 


I 

O 


PROPOSr^D 
MONTANA  STATE  WATER  POLLUTION  COUNCIL 
STRT^AM  CLASSIFICATION 
FOR 
MISSOURI  RIY;^R  aIaD   TRIBUTARIES 

(^xcludinp-  Yellowstone  and  Little  Missouri  Rivers  &  Tributaries') 


iXtii. 


Beaverheas    RiAter 
and    tributaries 


excert  Rattle 
Creek  and  Rubj 
River 


{(KISSOTTRI   HIV^;;   DHATiAGS    -^  :a    IN   ^:Q:;TANA) 

rom   Eo-orce    to    Jefferson   River 


nake 


Hattlesnaki 
Creek  and 

t  r  i  b  u  t  ar  i  e  E 


Ruby  Hiver   and 
tributaries 
except    Indian 
Creek 


Indian   Creek 
and    tribatariej 


Big   Hole    River 
and   tributarit  s 


Jefferson   Si^er 
and    tributarii's 
except    '.-.'hite-t  ail 
Creek  and   Eoilaer 
River  ; 


Froir,   source    to   City   of   Dilloti 
water    sui:-ply    intake 

From   City   of   Dillon   water 
su-pply   intake    to   Beaverhead 
River 

From   source    to   Beaverhead 
River 


Ag,      ?i:!(,      P5 


.'Sp,    Ag,    ?5:R 


of  7 


-rpsfnt 


From   soi-  ic-    to    Cit;-    cf  SheridanWSp,    Ag,    F&H 
water    su'oply    in-.ar.e 


Ag,  F,',:R,  PS 


B  C  T  • 


City  of  Dillon  water  |A,C,D,h: 
supply  j 

P?      f      -)      T? 


iB,c,n,i^ 


"--^TO': 


Frorr.Ff^rj 


City  of  Sheridan  waterA,C,D,S 
surply  i 


From  City  of  Sheridan  water 
sunply  intake  to  Ruby  River 

From  source  to  confluence  with 
Jefferson  Hiver 

From  confluence  of  Big  Hole 
and  Beaverhead  Rivers  to 
Kissouri  River. 


Ag,  F&R 

■..'Spi  Ag,  F4R 

Ag,  F&R,  PS 


City  of  Butte  Water 
Supply 


;a    fircr 


-eservoirs    taken   from   USFS   man 


B,C,D,E 
A,C,D,E 


/  ,  .J  ,  _j 


}         -         T^         ^ 


■^    C    D    "^ 


5, C, D, E 

B,C,B,E 


3,C,B,E  3,C,D,E 


iircr-crr.sr    strea-.   i=    one    which   terminates    at    the    ocean^conseouentlv,    we   nav-    no      ■ 
.    confluence    with   sxrer-s   of  next    largest    order   listed    above  '  '  -  -• 

-■■r-'-r:'®.''   "'--^y-    ^^^'    rubUc,    Ci)    industrial,    (oi    ijrivate    or  resort.    '-T   V«t.--   r..,,^^ 


irii;   risr-ing   and   Recreation 


^ratr    strt  =  "!f    in   Kont,)    2nd-orcier   are   tributary    to    1st,    etc. 
Public   Sewage,    IV   Iniustrial    Waste,    Ag  Agriculture, 


October    20,    19  60 


O", 


?0'^Y  OF 


'  '■'■'  iT-r 


, '-.'nitetail  Creek- 
I  and  tributaries  j 


3Gulder  River 
and  tributaries 
except  Sasin 
Creek 


:-5di3c-  Hivei- 
'and  tributaries 


Basin  Creek 
and  tributaries 


■•/est  Sallatin 


jbutarie?        i 

past  Gallatin  I 
.River  and  ?rib- | 
lUtaries  exoest  ; 
jBczeasn,  Bridge^- 
: and    Hyalite    Creeks 


:z-r.an  Creek 
-»i  tributaries 


^nan";es  of  s 


PH-^Sffi^IT 


i -"roTTi  source  to  Citjr  of  V.'hite-  [tg   F&R 
; hall  sewage  effluent  j 

From  City  of  'vhitehall  sev 
effluent  to  Jefferson  Ri- 

Fro^  source  to  Jefferson  - . 


-.g,  F&H,  PS 
Ag,  F&R,  PS 


Frcs;  source  to  City  of  Basin  ''^Sv,    Ag,  F&H 
water  supply  intake 

j-rc-  ..ity  of  Basin  water  supplyAg,  F&R 
intake  to  Boulder  River 

Pros  source  to  Kisscuri  River  Ag,  F&R   PS 
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CT-FKPnt.  i  F-r-f^pf%cD>» 


B,C,B,F:3,C,B,  B 


our c e  to 


illatin  Ri\'-er  :',vSo,  Ag, 


j  iTOiD  source  to  "vvesi 
fP.ivsr 


Gallatin  'Ap,  FiH,  P 
ilW 


ity  of  Basin  water 
supply 


Treatment  of  City  of 
-hree  Forks  sewage 
planned 

Resort  and  -orivate 
water  suprilies  -  pri- 
vate severs 


■R.    Ci+v  of  -n. 


B,C,D,E 
B,C,D,E 

A,C,B,S 
B,C,D,E 
B,C,B,S 


ity  of  Boseman  sewag(;B,  C,D,  F 
jneeds  chlorinating. 
jSlaughter  house  waste 
jneeds  treatment. 
[Several  private,  sewerp 
jenter  stream. 


source  -  :■  -_ast  Cellatin 


niver 


jCity  of  Bozeman  water 
Isurply 


_i_ 


F&R 


carr.E ,     ,a<eE    and    reservoirs    taker.     'ro?r;    'JSFS    ^-av: 
u  — crPer    strea'::    Is    ^v^g    ,,r,^„y,    +  ^ t,_j .; y, ^ ...         ., 

.  ^uenoe    v.-ith    strear    of   next    largest    orde-    listed   r.'-'cve 

■ater    supply,     (r)    p^^aic.     (i)    Industrial,     {  o)    i^riv^te    or    resort 
riEnin^r  ana   RecreF.tion 


1  "  "n  V 


3,C,D,^ 

■Q  P  Ti  T7 

A,C,D,E 
B,C,D,E 
B,C,D,E 

A,C,3,E 

B,C,D,E. 


B,C,D,S 


ecuently,  we  have  no  Ist-order  streams  in  Xont.)  2nd-crder  are  xribu-ary  to  1st,  etc. 
■/P  V/^ter  Power,  PS  Public  Sewage,  IV  Industrial  Waste,  Ag  Agriculture, 


AsDendix 


rvi 
I 


•RDDV    n?    v^^^?P^ 


Second 


Third 


n-r-riPT 


Gallatin  River 
and   tributaries 


Missouri   River 
nainstem   and 
tributaries 


Missouri   Rive_' 
mainstera   arid 
tributaries 
except    Priokly 
Pear   CreekJ    Smith 
River   and   Sun 


iPrickly  Pear 
iCreek   and   tr:.- 
;butaries    except 
'KcClellan,    Tin 


!t,' 


■;iie  and  Seven 


ij;j.ie  ana  r>e 
IKile  Creeks 


I 


Fourth 


Fifth 


Bridger  Creek 
and  tributaries 
except  Lyman 
Creek 


Hyalite  Creek 

and  tributeri 


Sixth 


Lyman  Creek  anc 
tributaries 


Lcc;;.?ioy 


FHES" 


i^rom   source    to 
River 


'jaliaxin 


From    source    to   Bridcer   Creek 


rrom   EOurse    to    sjast    Gallatin 
River 

!?roiE   confluence    of   East    and 
:Vest    Gallatin  Rivers    to  J^iss- 
jouri   River 

From    confluence    cf  Kadison 
Jefferson    and   Gallatin   Rivers 
to    Canyon    Ferry    Barr: 


From    Canyon   Ferry   Lam    to 
Black   Eagle   Lam 


*'Sp  City    of    Bozeiran   water 

suT^ply 

:?&R,    Ag,WSp   City   of   Bozeman   watei 
sur.ply 


|Ag,  F&R 
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CLASSIFICATION 


rresentl  Procosed 
-    j     ■ 

3,C,D,E   3,C,D,E 


■.■.'S  D ,  Ae-  , 


y  > 


PS 


jE  source  to 


River 


IW 


A  ,  C ,  L  ,  E 
A,C,D,E 
B,C,B,E 


Ifeed  further  treat- 
ment of  City  of  Man- 
hattan sevasre 

Need  further  treat- 
ment of  City  of  Tri- 
dent sewage.   City  of 
Helena  water  supply 
tsi-cen  from  Canyon 
Ferry  reservoir  in 
■cart. 


Need  treatment  of  3ew|B,C,I),E 

age  at  City  of  Cascad^ 

Industrial  waste  at 

Great  Falls.   City  of 

Great  Falls  water 

supply 


:,L,E 


3.G,D,E    j3,C,D,E 


;,D,E 


iCity    of    Helena    sewage  j  C,I),  E  ■",!), 

I  treatment    under    con-    i 
istruction.    EffI 
iCity    of    Ea: 
iage    lagoon. 


pnames    of   streams,    lakes    and 
'a.    first-order    stream 


uent  froE 
elena  s^w- 
stes    from 


IS    one   which 


^at  confluence  with  stream  of  nex 
VS  V.'ater  suT?piy,  (p)  uublic,  ( 
F&R   Fishing  and   Recreation 


'voi 

te: 

1  a: 

il    I: 


saJ^en 


> 


"id  us 


strial,     (o! 


D^D    ma 

ocean 

tea    ab 

~riv5t 


\ cons en i 
ove 
e    or    res; 


-sr   j-ower, 


itlic    3^ 


■-a-order    sre    tributary   to    1st, 


i    i-ndustrial    '.."aste,    Ae   Agriculture, 


Aripenrtix 


~  p  r  n-n  '^ 


I 
I 


50DY    OF    WAT^R-' 


KoClellan  ::reslc 
ana  tributarie  s 

Ten  Mile  Creel; 
and  tributaries 
exoe-3t  Sever 
Kile  C"reek 


Fi  f  th 


'Smith    River    .-ind 
|t.ibuta-ies     ■ 
jexcPT)t    ^'illoii' 
:Oreek 


'■/illow   Creek 
jand   tributaries 


Seven   Mile 
Creek   and 
tributaries 


Sun   Eiver   anc 
tributaries 


Missouri   River 
"nainEterr:    and 
tributaries 
sxoe-.t   Eelil 
;rs€;:,    Karias 
-.iver,    Judith 
-.iver,    KuE^elshell 
"--"•'>^r    End   Milk   River 


-.f    1 


source    t; 
Prickl}'-  Pear    Creei: 

From   source    to    City    of   Helena 
water   sup-^ly   intake   above 
Hiraini 


iU.    ig,    FiRjCity    or    iast    ?elena 

j  water    s'jnply 

I     -    ■ 
p,    I'.p,    PSrH]City    of   Helena   water 

jsupply 


rT-op^-pfi 


Prom  City  of  Helena  water      jAg,  F&R 
suuply  intake  above  Riraini  to  ' 
Prickly  Pear  Creek  I 


FroTi  source  to  Ten  Kile  Creek   Ag   ^tR 


ureaxnent  of  City  of  B,C,D,?; 
iHelena  sev;a;^e  will 
iremove  wastes  froc 
this  EtreaTi  section 

iReceives  Fort  Harri-  ^,C,T),s 
ison  sewage  i 


:3,C,D,: 


5,C,D,E 


1  — »  "1-^1 


.»rom   source    to  Kissouri    River 


^roi   source   to   Snith  Rive 


Ag,    F&R  [Receives    waste    froE    'BjC,!),"    '?    C    D   F 

i sewage    lagoon   at  City  i 

'of   V.'hite   Sulnhur  !  • 

■Springs  i 

■vSp,    Af,    FARiwater    suT,ply    for  City  ■.,  C,  3,  ^:     !a,C,D,^ 
jof    ."hite   Sulnhur 
iSnrings 


iFroa   source    to  Kissouri   River      kg,    F&H 


From   Black   Eagle    Dam    to    ccn-       |VSp,    Ag,    FiRiNeeded    treatment    cf 
-luence   with   J^ilk   River  -.vSI,    IV,    po     ;  .^^.y    „.   ^^^^    .,^^j^ 


sewage.      !:eed    fui  l.l-tj|" 
itreatment    of    City    of 
•Great   Falls    sewage    a^d 
imeat   packing    corapany 

wastes.       City   of   For 
.Benton    water    su'Diily. 


B,C,D, 


.-:,C,3,3 
r,C,D,E 


r.es    cf   Etrearr.s,    lakes    and   reservoirs    taken   from   l'"^-    ssd 
"irst-order   streai:.    is    one  which    terminates    at    the    ocear/  (  conse 
confluence    with    stream    of   ne::t    largest    order    "isted    ="'.•  ve 
:£_Vater   supply,    (p)    T^ublio,    (i)    Industrial,    (o^    -rivate    or    -eso-t 
■in    -isnmg   and    Recreation 


entiy,  we  have  r.c 


ist-order  streams  in  Kent.)  2nd-order  are  tributary  to  1st,  etc. 
rt,  '-T?   Vater  Power,  PS  Public  Sewaee,  IV  Industrial  'vaste,  Ag  Agriculture, 


.-.  r  r  6  r.  a  i  x 


I 
I 


■Belt    Sreek   and 
iexcep":    O'rrieii 


■C'irien    Creek 
;ar;d   "iribjtaries 


.■ari£S    Hiver   and. 

^tributaries 

iexcept    C-Jt   Bsr.k 

wreek,    Tvo  I'edi- 

1    ■         i 

iome    ^rees   ETi:i 

(Teton  Hiver 
i 


.,ut  nar.K  ^reek  ' 
arid  tribjt  =  -iea 
except  ^letlror. 
Creek  j 

I 


iFlat    Ircn   Creek 
land   tributaries 


jMidvale    Creek i 
jand   trib-atariqs 


?etor,  Hiver    and 
tributaries  ! 


rror.    source    to   !■,:.£ s cur 


ros   source 


'j-^*—   ~  ^  -^  1  ^  i  ^ 


•and   "onarch 


^of   ".'eir.art 


rron   source    to  I-'arias   River 


-OIL   source   to    Out   Sank   Creek   ?S 


rTo~    source    to    ^ut    nar.K    ...reek 


-e,     --Sr'.,     r; 


,  City  of  Cut  r=nk  waterB ,  C  ,i;,E  =,C,D,S 
surriy  ; 


--teceives  ^ity  cl  -rovri-: 
inc  partially  treated! 
sewage  i 

deceives  sewage 


!R 


r-«  .-,r^  '   "2 


:c   r*'o   Xedicir.e       f-'Sp,    A=-,    Ti?.    ir-ast 


:.-.,C,D, 


~ce    to     "at 


2 e    "GO  I^, n E s 0 u r i    " i v e "^ 


;,    Ag,    ?&H    iHeceives    effluent    frcniB,C,D,E;   3,C,D, 
•City    of    -hoteau   sevare 
i  lag:  on  | 


Lch    terminates    at    tr.-i    tcean    '  ctr.sr  :?ue-t  ly . 

'.'S    -•'ater   surriy,    (p)    pubiio.    (i;    Industrial,    (o"!    rrirate    cr   rescrt,    ^^r 
T?iH   PishinR-and   Recreation 


^a   •  Irs  «— or^-^r 
at    confluence 


s  t  r '^  — " 


t,    em 


Ai:pericix__ 


BODY  0?  WAT5R''' 


Order 


I 
I 


Spring  Creek 
and  tributari€ 


Wolf  Creek  anc 
tributaries 


MuEselshell 
River  and  tri-i 
butaries  exceift 
KcBonald  Creei 


jKiik  Eiver  and 
itributaries 
jexcept  Beaver  I 
ICreek 


McDonald  Creel 
and  tributarie 


Beaver  Creek 
and  tributaries- 


Ki 
m; 
bn 

Re 
an 


Fsouri  River  ' 

insten  and  tri- 
laries  except         ' 
awater  River,  PoDlar  River 
g  aig  ?-;udd,Y  Creek     ' 


names  of  streams,  lakes  and  reservoirs  taken  fro:r.  USl^S  sa-- 
£  first-order  stream  is  one  which  terminates  at  the"'ocean''(  co 
at  confluence  with  stream  of  next  largest  order  listed  above 

«S   Water  supply,  (p)  public,  (i)  Industrial,  fo)  private  or 

F&R  Fishing  and  Recreation 


LOCA^TON 


ProR    source   to   Judith   River 


From   source    to   Judith  River 


|Proic   source    to   Missouri   River 


PRESENT 


Ag,    F&R,    PS 

Ag,    F&R 
Ag,    F&R,    PS 


From   source   to  Musselshell   River  Ag,    F&R,    PS 


From   source   to   Missouri   River       ;V/Sp,    Ag,    F&R, 

iV/SI,    WSo,    IW, 
PS 
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R'v'^iRKS 


s 1 A  s  s ifTcation 

!  Present  I    Proposed" 

City  c-wistown         I  B,  C,D,  E;  3,0,3,  S 

!sewap_       -  quires    addi-  i 

tional    treatment  \  j 

!  I 

jB,C,D,EiB,C,D,E 

I  : 

V/ater   supply   for  !  B,C,  D.Ej  B,  C,D,  E, 

cities    of  Melstone       | 

and   Roundup.      Receives 

sewage    lagoon   efflueijit 

from  cities  of  Har- 

lowton.  Roundup  and 

Melstone 


From  source  to  Milk  River 


Ag,  F&R,  PS 


1 


B,C,D,Ej3,C,D,E 


B,C,D,E;B,C;,D,E 


Need  further  treat- 
ment of  City  of 
Winnett  sewage 

Water  sunpl;-'  ";r 
cities  of  r.i  :e,  Chii 
nook,  Harlem,  and  j 
Fort  Belknap.  Need  j 
further  treatment  of j 
sewage  at  toi^Tis  of  i 
Port  Belknap,  Eins-  I 
dale  and  Nashua      ■ 


To^Jn   of  Saco  sewage  J  B,  C,D,  S  .  B,  C,  D,  E 

requires  additional 

treatment 


From^confluer.ce   with  Kilk   RiverjySp,    Ag,    F&R    JNeed   further   treatnent 

to   s.a.e    line  ,ps  jof   city    of    Culbertson   A,C,D,E     3,0,D,E 

:  iyater   supply.      ?reed 

(iurther   treatment    of 
SiVP.gp    at    cities    nf 


nsequently,    we   have   no   Ist-order   streams    in  Mont.)    2nd-order   ar^  tributary   to   1st,    etc. 
resort,    W   Water  Power,    PS    Public   Sewage,    IV;   Industrial    V.'aste,    Ag   Agriculture, 


AcDendix 


BODY    OF   V/ATER 


Rpnond 


I 

ON 

cr\ 
I 


"hirri 


Redwater  Riv 
and    tributar 

Poolar  Hiver 
tributaries 


'^ig  Muddy   Cr 
.arid   tributar 


Ordsr 


FnnT-t.h 


r 
es 


and 


ek 
es 


?-i  f  t.h 


-Sijttii- 


T.nr-  ■.TTni'T 


From   source    to  Missouri   River 


From   source   to  Missouri   River 


Prom   source   to   Missouri   River 


PRESENT 

-as:i . 


-33iL 


Ag,    F&R,    PS 


Ag,    F&R,    PS    jCity    of   Scobey    sewage 
I  requires    additional 
! treatment 


Ag,    F&R,    Ps    i Sewage    frcra   City   of 

i Medicine    Lake   require 
I  additional    treatment 
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^L-.-.o^  _L--   1.^.-.  ,    .K).J 


Prpppnt  Pr-nr-.nKofl. 


B.C.D.E 


B,0,D,S 


B,C,D,S 


B,C,D,E 


^    '"'    "^    1 


^naaes    of    streams,    lakes    and  reservoirs    taken   from   USFS   map 

^a   first-order   strgam   is    one   which   terminates    at   the    ocean    ( con^^equently ,    we    hsve    no   Ist-order   stresms    in  Mont.)    2nd-oT--c- 


r   fire    -rioutary    to    1st,    etc. 


'at    confluence   with    stream   of   next    largest    order    listed    above 

V/S    vv-Hter   sunply,    (p)    public,    (i)    Industrial,    (o)    private    or    -esort,    '■7   Water  Power,    ?S   Public   Sewage,    IW  Industrial    Waste,    Ag  Agriculture, 
F&K   Pishing    and   Recreation 


STATE    OF     MONTANA    WATER     POLLUTION     COUNCIL 
STREAM  CRITERIA  FOR  WASTE  DISCHARGES 

WATER    QUALITY    08JECr/VES    AND    MINIMUM     TRCATMENT    REQUIREMENTS    FOR    MONTANA    SURFACE    AND    UNDERGROUND    WATERS 


WATER  QUALfTY 

ORGANISMS  OF  THE 

nOATlNC,  SUSPENDED 

TASTE  OR  ODOR 

DISSOLVED 

pH 

TOXIC,  COLORED.  OR 

PHENOLIC 

OIL 

HIGH  TEMPERATURE 

MINIMUM  TREATMENT 

WATER  uses 

COUFORM  GROUP 

SETTLEABIE  SOLIDS 
AND  SLUDGE  DEPOSITS 

PRODUCING 
SUBSTANCES 

OXYGEN 

OTHER  DELETERIOUS 
SUBSTANCES 

COMPOUNDS 

WASTES 

REQUIREMENTS  FOR 
DOMESTIC  SEWAGE 

(A)       WATER  SUPPLY, 

Kost  probable  number 

Hone  attributable  to 

None  attributable  to 

Greater  than 

Hydrogen  ion 

Hone  alone  or  In  combination 

Less  than 

Hone 

Not   in  sufficient  quantities 

Primary  treatn^nt  and 

DRIKKIHG,   GUUNAHY.   AND 

(ITU)   conform  bacterial 

sewage,    irdustrial  wastes. 

sewage ,    Industrial  wastes 

five   (5)   parts 

concentration 

with  other  substances   or 

five   (5) 

elone  or  in  combination  with 

effective  disinfection 

FOOD  PRCCESSING. 

content  of  a   representa- 

or other  wastes         which. 

or  other  wastes. 

per  million. 

expressed  as 

wastes  in  sufficient  amounts 

parts  per 

other  wastes  to  interfere 

except  in  special  cases 

Without  treatment  other 

tive  nunber  of  sarrj^les 

after  reasonatle  dilution 

except   for 

pH  should  be 

or  of  such  nature  as  to  make 

billion 

with  the  use   Indicated. 

as  determined  by  the 

than  simple  disinfection 
and  removal  of  naturally 
present  lo^jurltles. 

should  averagre  less   than 

and  mixture  with  recelvin{^ 

underground 

mainta  ined 

receiving  water  unsafe  or 

State  Board  of  Health, 

50  per   iOO  ml.    In  any 

waters,    interfere  v/lth  the 

waters , 

between  6,3 

unsuitable  for  use  Indicated 

Sewage  lagoon  treat- 

month. 

best  use  of  these  waters 

and  6.5 

{U.   8.   P.   H.  S.  Stds) 

ment  will  meet  this 

for  the  purpose  Indicated. 

requirement. 

(B)       WATER  SUPPLY, 

MFH  collform  bacterial 

(Sanie  as  for  use   "A" 

None  attributable  to 

Same  as   for 

Same  as   for 

Same  as  for  use   "A"  above. 

Same  as 

None 

Same  as   for  use   "A"  above. 

Same  as   for  use  "A" 

DEtranHC.   CULINARY,   AMD 

content  of  a   represent- 

above) , 

sewage,   Industrial  wastes 

use   "A" 

use   "A" 

for  use 

detectable 

above. 

FOOD  PROCESSING. 

ative  number  of  samples 

or  other  wastes  which. 

above . 

above . 

"A"   above. 

With  treatnrent  equal  to 
coagxilation,   sedimenta- 

should average   less 

after  reasonable  dilution 

than  2000  per   100  ml. 

and  mixture ,   will  Increase 

tion,   filtration,   dis- 

and should  not  exceed 

the  threshold  odor  nurr.ber 

infection,   and  any  add- 

this number  in  more 

above  eight   (8), 

itional  treatment  nec- 

than 20  percent  of  sam- 

essary for  removing 
naturally  present   im- 
purities 

ples  examined  In  any 
month  where  associated 
with  domestic   sewage. 

(C)       BATH3KC. 

KPI)  collform  bacterial 

Same  as  for  use   "A" 

None  attributable  to 

Greater  than 

Same  as  for 

Same  as  for  use   "A"  above. 

Less  than 

Same  as 

Same  as   for  use   "A"  above. 

Same  as  for  use  "A" 

SWIKJaWG,   AND  RECREA- 

content of  a  represent- 

above. 

sewage,    industrial  wastes 

five   (5)   parts 

use   "A"   above. 

twenty   five 

for  use   "B" 

above. 

TION. 

ative  number  of  samples 

or  othpr  wastes  which, 

per  million. 

(25)  parts 

above. 

Note:  '^en  waters  are 

should  average  less 

after" reasonable  dilution 

per  billion 

used  for  recreational 

than  2'40  per  100  ml. 

and  mixture,   will   inter- 

or none  in 

purposes  such  as  fish- 

and should  not  exceed 

fere  with  the  best  use  of 

sufficient 

ing  and  boatlne.   ex- 

this number  in  more 

these  waters   for  the  pur- 

amounts as 

clusive  of  bathlnp  and 

than  20  pei-cent  of  sam- 

pose  indicated. 

to  impart  a 

swljiinlnf,   the  number 

ples  examined  in  any 

residual 

"1000"  may  be  substi- 

month where  associated 

taste  to 

tuted  for  "2W*  in 

with  domestic  sewage. 

reci-eational 

statement  of  collform 

or  commercial 

objectives. 

fish  or  other 
aauatic   forms 

(D)       ORC?/mi  AKD  FRCPACA- 

See  note  xaider  "C"  above. 

Same  as  for  use   "A" 

None  attributable  to 

Same  as  for 

Sair.e  as   for 

None  alone  or  In  combination 

Sane  as   for  use 

Same  as 

Not  In  sufficient  quantity  as 

Primary  treatment  and 

TION  OF  FISH  AND  OTHER 

above. 

sewage,    industrial  wastes 

use   "C" 

use   "A"   above. 

with  other  substances  or 

"C"  above. 

for  use 

to  Increase  the  tenperature 

effective  disinfection. 

AQUATIC  LIFE. 

or  other  wastes  which  will 

above. 

wastes  in  sufficient  amount 

"B" 

of  the  receiving  water  beyond 

Sewage  lagoon  treatment 

Including  waterfowl,    fur- 
bearers,   and  other  aquatic 

interfere  with  the  palat- 

or  of  such  character  as  to 

above 

that  optimum  for  the  normal 

will  meet  this  require- 

ablllty or  propagation  of 

make  receiving  waters  unsafe 

aquatic  life  of  the  specific 

ment. 

and  semi-ao.uatic  life. 

recreational  or  conroercial 
fish  or  other  edible 

aquatic  forms. 

or  unsuitable  for  use 
indicated. 

water. 

(E)       AGRICULTURAL  AND 

Same  as   for  use   "A" 

None  attributable  to 

Greater  than 

Hydrogen  ion 

Same  as   for  use   "A"  above. 

Hone   in  suff- 

Same as 

Same  as  for  use   "A"   above. 

Same  as  for  use   "D" 

INDUSTRIAL  WATER  SUPPLY 

above 

sewage.    Industrial  wastes 

three    (3) 

concentration 

icient  quantity 

for  use 

above. 

Without  treatment  except 
for  the  removal  of  nat- 

or other  wastes  which  will 

parts  per 

expressed  as 

as  to  make  rec- 

"B" 

adversely  affect  the  mar- 

million. 

pH  should  be 

eiving  water 

above 

ural  impurities  to  meet 

ketability  of  agricultural 

maintained 

unsuitable   for 

special  quality  require- 

or Industrial  produce. 

betv.-een  6,0 

use  indicated. 

ments  other  than  those 

and  9.5 

classified  under  "A" 

above. 

Note:   Permissible  limits 

for  total  concentration 

percent  sodium,   boron. 

chlorides,   and  sulphates 

to  receive  further  study, 

suggested  value   for  per- 

cent sodlura  is  leas  than 

'+0.   Percent  sodium  com- 

puted as  the  ratio  of 

sodium  to  total  cations 

expressed  In  equivalent 

weights.   Calculated 

from  the  fonr.ula:   Ha  X 

100  +  Ka  +  K  -t  Ca  +  Hg 

when  Na,  Ca,   K,   and  Mg 

are  eapressed   in  equi- 

valents . 

Water  Quality  Objeotlves  of  a  watercourse  will  apply  at  the  point  of  discharge 
of  a  waste  except  in  special  cases  where  the  sampling  points  will  be  determined 
by  the  Kontana  Water  Pollution  Council. 


Determinations  In  the  above  table  will  be  in  accordance 
with  "Standard  Methods  for  the  Examination  of  Water, 
Sewage  and  Industrial  Wastes". 


Adopted  tentatively  Fob.  28.  1956 
Revised  April,  1958 
Reviewed  Sept.  2,  195B 
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